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PREFACE 


In  accordance  with  the  Agreement  on  Scientific  Cooperation 
Between  the  National  Academy  of  Sciences  (NAS)  and  the  Academy  of 
Sciences  (ASUSSR) ,  the  "Workshop  on  the  Mechanics  of  Ice  and  Its 
Applications"  was  held  in  Moscow  and  Leningrad,  USSR  from  June 
16-26,  1991.  Dr.  Wilford  F.  Weeks,  a  member  of  the  National 
Academy  of  Engineering  and  a  professor  at  University  of  Alaska  at 
Fairbanks  served  as  the  American  chair.  Upon  the  completion  of 
the  workshop,  the  NAS  requested  comments  from  Or.  Weeks  on  the 
quality  of  the  program  and  the  state  of  the  scientific  field. 

The  following  is  a  summary  of  his  report  based  on  his  own 
personal  observations.  Though  Dr.  Weeks  has  incorporated 
information  included  in  trip  reports  from  individual 
participants,  the  views  expressed  herein  are  those  of  Dr.  Weeks 
only  and  do  not  necessarily  represent  the  views  of  the  individual 
participants  or  sponsoring  organizations. 
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to  Drs.  R.V.  Goldstein,  V.I.  Danilenko,  and  N.M.  Osipenko 
(Institute  for  Problems  in  Mechanics,  ASUSSR,  Moscow)  and  their 
respective  colleagues.  Financial  support  from  the  U.S.  Army 
Research  Office,  the  John  D.  and  Catherine  T.  MacArthur 
Foundation,  the  National  Science  Foundation  and  the  Office  of 
Naval  Research*  is  also  gratefully  acknowledged. 
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Ihe  United  States  and  the  fanner  Soviet  U"ion  have  stioiig  oopmon  interests 
in  obtaining  a  better  understanding  of  the  behavior  of  ioe  at  scales.  In 
particular,  Russia  and  the  United  States  have  vast  resources  in  the  North,  notably 
off  the  shelves  of  Alaska  and  Siberia.  In  order  to  safely  and  eooncmically 
eaqploit  these  resources,  both  countries  require  an  in-depth  understanding  of  the 
movement  of  the  ice  cover,  the  forces  vihich  moving  ice  can  exort  agednst  bottom 
founded  structures,  and  the  ioe  resistance  on  vessels  used  to  tran^xsrt  these 
resources  to  market. 

Unfortunately,  because  of  funding  and  personnel  constraints,  American 
progress  in  ice  mechanics  and  engineering  has  bean  limited.  In  the  opinion  of  the 
Ameirican  delegation  chair.  Dr.  Nilford  Weeks,  this  1991  Soviet-American  Ice 
Mechanics  Workshop  demonstrated  that  coisiderable  ba^it  can  be  gained  by  the 
united  States  and  the  former  Soviet  union  through  collaboratian  in  research 
programs  and  exchange  of  technical  information.  Die  united  States  can  certainly 
benefit  from  the  strong  analytical  i^lls  of  its  counterparts  in  the  farmer  Soviet 
union  and  the  experience  they  have  gained  in  successfully  operating  in  northern 
rivers  and  alcng  the  NorthEm  Sea  Route.  Die  scientists  in  the  fanner  Soviet 
union  can  equally  benefit  frxxn  the  Explication  of  American  equipment  and  cxmputer 
technology  in  solving  ioe  engineering  problems.  In  short,  v^le  resources  are 
limited  in  the  field  of  ice  mechanics,  the  CExabilities  of  the  united  States  and 
the  former  Soviet  Unicn  conplement  eacii  other  well.  An  effort  should  be  made  so 
that  these  countries  may  work  together  in  this  area. 

Die  goal  of  the  loe  Mechanics  Workshop  was  to  facilitate  the  exchange  of 
technical  information  between  the  united  States  and  the  Soviet  union.  Althou^ 
^lecialists  in  both  cxuntries  had  made  great  efforts  to  ke^  abreast  of  each 
other's  achievements,  the  exchange  of  ice  technology  between  the  two  countries 
cxuld  be  characterized  as  poor.  Diis  was  primarily  due  to  language  barriers  and 
constraints  on  comnunication  and  distribution  of  literature,  often,  several  years 
went  by  before  American  ^lecialists  learned  of  a  significant  discxvery  made  by 
their  Soviet  counterparts. 

Die  participants  at  the  workshop  addressed  a  number  of  themes,  ranging  from 
the  b^iavior  of  ice  at  the  microscale  to  the  large-scale  dynamics  of  the  polar 
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pack.  The  participants  disogwatl  both  long-range  research  Items  and  short-texm 
applied  ice  engineering  prajtioes.  The  diversity  of  the  workshop  reflected  the 
varied  background  of  the  delegates. 


1.  Mechanical  Properties  of  Ice;  A  mmiber  of  papers  were  presented  dealing 
with  the  mechanical  properties  of  ice,  including  uniaxial  compression  and 
tension,  and  caonfined  cxxipression,  beaidlng,  and  fracture  tou^iness.  Data 
on  the  mechanical  properties  of  icse  were  considered.  Adult  tonally ,  testing 
techniques  and  documentation  of  appropriate  ica  properties  were  addressed. 

2.  Ica  dvnamica  and  tarocasses:  Large-scale  ica  c^namics  and  processes  were 
considered  including  the  acxjulsition  and  application  of  satellite  imagery; 
large-scale  properties  of  the  ice  corver  such  as  floe  size  and  lead  patterns; 
pressure  ridge  processes  and  models;  ica  stress  measurements;  bearing 
capacity  of  ica  sheets;  mechanical  profile  properties;  and  sea  ica  dynamics 
models  vhich  describe  and  predic:t  the  cA/eiall  bdiavior  of  the  ice  cover. 

3.  Ica-structure  interactican:  Ica  forcas  on  offshore  stnotures  were 
reviewed.  Presentaticxis  were  givmi  on  prac^ticas  employed  in  the  United 
States  to  derive  ica  design  criteria.  pacific  topics  included  the 
determination  of  Icxal,  glchal,  and  inpact  lea  loads.  The  results  of  model 
basin  ica  indentation  tests  were  also  presented  and  discussed. 

4.  Modelincr  ice  behavior;  Considerable  attention  was  focused  on  modeling 
ioe  behavior  at  small  scales.  Constitutive  models  were  presented  vhich 
describe  the  b^iavior  of  ica  during  creep  and  brittle  fracture  for  both 
polycrystcilline  ica  and  single  ica  crystals. 

5.  Perspectives  on  ice  mechanics  and  engineering:  All  of  the  participants 
from  both  the  united  States  and  the  Scfviet  union  obtained  an  interesting  and 
comprehensive  p^apective  an  ica  mechanics  ^nd  engineering  not  only  in  their 
laspective  countries,  but  in  the  world.  The  American  delegation,  drawn  frem 
academia,  government  laboratories,  and  industry,  included  the  top 
researchers  in  ica  mechanics  in  the  cxxmtry.  Threu^  fcrmal  presentatiens, 
panel  discussicais,  and  informal  gatherings,  the  participants  acquired  a 
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greater  awareness  of  the  state  of  the  art,  and  ottalned  a  consensus  on  the 
liqpartant  problens. 

6.  Bducatlai  and  training  of  ice  enoineers;  Inclusion  of  representatives 
from  acckdenda  and  industry  permitted  fruitful  discussions  on  the  education 
and  tredning  of  ice  engineers.  Topics  included  the  present  demand  for  ice 
engineers  and  the  adequacy  of  the  training  which  potentied  engineers  and 
scientists  will  need  to  receive  to  meet  the  future  needs  of  industry  and 
govenisetit. 

n.  craomL  OBSBcvxrzoNs _ 

[In  this  report,  some  information  is  inclixied  that  is  based  upon  discussions 
between  the  American  delegation  chair  Dr.  Wilfocd  Weeks  and  Dr.  Anatoly  Frolov, 
an  expert  on  permafrost.  Dr.  Weeks  met  Dr.  Frolov  in  the  late  1970's  vhen  he  was 
a  visiting  scientist  at  USA  Cold  Regions  Research  and  Engineering  Laboratory 
(GRREL)  in  Hanover,  New  Hanpshire.  JUst  prior  to  the  meeting  in  the  Soviet  Union, 
Dr.  Frolov  was  hosted  for  three  weeks  by  Dr.  Weeks  in  Fairbanks,  Ala;^.  Later, 
«hile  Dr.  Weeks  was  in  the  Soviet  union,  he  had  the  opportunity  to  visit  with  Dr. 
Etolov  on  two  different  occasiais.] 

The  National  Academy  of  Sciences  (NAS)  -  Academy  of  Sciences  of  the  USSR 
(ASUSSR)  Workshop  on  Ice  Mechanics  was  conducted  in  the  Soviet  union  in  June  16- 
26,  1991.  Preparations  for  this  workshop  were  initiated  \/hex\  the  ASUSSR  suggested 
that  a  workshop  on  this  topic  be  included  in  the  larger  program  of  bilaterzd 
activities  on  technical  topics  ^xsnsored  by  the  two  academies.  These  activities 
«iere  to  be  carried  out  within  the  framework  of  the  Workshop  provision  (Article 
III)  of  the  Agreement  on  Scientific  Cooperation  Between  the  Nationed  Academy  of 
Sciences  of  the  USA  and  the  Academy  of  Sciences  of  the  USSR  signed  January  12, 
1988.  The  interacebdemy  Protocol  of  January  31,  1990  called  for  this  specific 
workshop. 

The  meeting  offered  a  rare  opportunity  to  geiin  insists  into  a  research  area 
in  vhich  the  Soviets,  historicr '*  ly,  have  had  a  strong  presence  and  in  vhich  there 
has  been  little  interaction  between  American  and  Soviet  specialists.  (There  are 


interesting  reason  tdxind  this  pattern  uhich  will  be  discussed  in  a  later  section 
of  this  report.) 

Ihe  subject  of  ice  mechanics  is  quite  broad,  aiocppassing  the  mechanical 
behavior  of  glacier,  lake  and  sea  ice.  The  Soviet  Uhion  possessed  strong  research 
programs  in  all  these  subjects  for  years,  with  the  total  number  of  scientists  and 
engineers  involved  far  exceeding  its  eguivcilent  number  in  the  West.  The  reason 
for  the  Soviet  interest  in  these  fields  is  clear:  the  USSR  had  significant  applied 
problems  in  the  snow  and  ice  area.  This  country  2dso  had  extsisive  experience  in 
effectively  alleviating  a  large  number  of  such  problems.  The  amcunt  of  contact 
between  Soviet  and  Western  scientists  in  the  different  sub-areas  of  ice  mechanics 
has  been  quite  varied,  with  contacts  in  the  area  of  glaciers  and  large  ice  sheets 
and  shelves  being  reasonably  conraon.  This  area  of  ice  mechanics  was  largely 
carried  out  within  the  Department  of  Geograpt^  of  the  ASUSSR  (now,  the  Russian 
Academy  of  Sciences) .  Its  focus  was  generally  pure  science  with  little  innodiate 
education.  (Recently  thou^,  the  climatic  a^»cts  of  ice  cores  have  achieved 
considerable  interest  within  the  world  climate  ccninunity) .  It  should  also  be 
noted  that  such  of  this  work  was  focused  on  the  Antarctic. 

Soviet  researchers  in  other  aspects  of  ice  mechanics,  and  those  active  in 
sea  ice  studies  in  particular,  have  had  considerably  less  contact  with  the  West. 
In  fact,  over  a  36-year  period.  Dr.  Weeks  has  had  the  opportunity  to  meet  only 
three  or  four  Soviet  ice  mechanics  ^^ecialists.  This  isolation  has  been 
particularly  true  for  scientists  from  the  largest  organization  active  in  Soviet 
sea  ice  research,  the  Arctic  and  Antarctic  Research  Institute  (AAFI)  in  St. 
Petersburg.  Siitiilar  remarks,  hewever,  mic^t  be  made  concerning  other  smaller 
groups  that  carry  out  programs  in  lake  and  river  ioe  research. 

Why  is  this  the  case?  In  the  sea  ice  field,  the  answer  appears  to  be 
obvious.  Grcips  that  have  a  thorcuc^  understanding  of  sea  ioe  mechanics  have  a 
definite  advantage  in  analv'zing  certain  scientific  problems  related  to  climate 
change  in  the  polar  regions.  More  inpc^tantly,  understanding  sea  ioe  mechardcs 
is  necessary  to  understanding  the  effects  of  ioe  forces  an  offshore  structures  - 
a  prc^lem  that  is  essential  to  the  safe  development  of  the  large  oil  and  gas 
reserves  that  are  presumed  to  lie  beneath  the  pack  ice  ca\  the  ocxitinental  shelf 
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of  the  A^'ctic  Ocean.  (The  fanner  Soviet  Union's  oontinoiteLL  shelf  is  the  largest 
in  the  vrorTd.  Its  potential  for  major  oil  and  gas  production  is  believed  to  be 
extremely  hi^.)  Of  particular  interest  here  is  the  Northern  Sea  Route,  a 
critical  si^ly  line  to  ports  in  the  northern  parts  of  the  former  Soviet  Union. 
Since  this  route  transits  the  margins  of  the  Arctic  Ocean,  ice  is  a  major  problem 
during  most  of  the  resi^ly  season  (This  activity  has  developed  into  an  almost 
year'-around  operation  over  the  past  few  years.) 

Even  more  inportant,  however,  is  the  fact  that  the  understanding  of  sea  ice 
properties  and  behavior  was  very  inportant  to  the  submarine  arm  of  the  Soviet 
Navy.  In  recent  years  the  Soviet  Navy  developed  a  unique  strategy  (the  so-called 
Arctic  Bastion  Strategy)  concerning  the  d^loyment  of  their  missile-launching 
submarines  (SSBNs).  Descriptions  of  the  general  aspects  of  the  Soviet  bastion 
strategy  have  recently  been  published  in  journals  such  as  Janes.  In  accordance 
with  the  Arctic  Basticn  Strategy,  the  Soviets  deployed  their  SSBNS  underneath  the 
pack  ice,  vhere  once  <xi  station,  th^  were  able  to  reduce  their  noise-^Doaking 
activities.  Becoming  essentially  invisible  in  acoustical  terms,  the  SSBNs  would 
vait  for  a  message  to  launch  their  missiles.  If  so  instructed,  they  vxxild  only 
have  to  move  to  the  nearest  open  lead  to  launch  their  missiles.  It  should  also 
be  noted  that  sea  ice  lessens  the  effectiveness  of  almost  every  type  of 
anti-submcurine  system.  Thus,  locating  submarines  that  are  deployed  according  to 
this  strategy  becomes  very  difficult. 

Perhaps  the  most  inportant  coi^ideration  vhen  discussing  Soviet  ice 
mechanics  research  is  that  the  Soviets  viewed  the  ice  covered  seas  to  their  north 
as  an  integral  part  of  their  territory.  This  is  the  so-called  pie  theory  of  the 
Arctic,  with  the  very  large  Soviet  part  of  the  pie  extending  all  the  way  to  the 
North  Pole.  Thus,  vhen  <x>e  starts  discussing  arctic  sea  ice  research,  one  is 
indirectly  dealing  with  cepabilities  that  in  the  Soviet  view  related  to  vital 
economic  routes,  prc^leros  of  naval  secxirity,  and  territcarial  prerogatives.  Since 
the  Soviets  viewed  their  capabilities  in  the  arctic  seas  to  be  stperior  to  those 
of  the  Western  countries,  they  were  not  eager  in  the  past  to  undertake  joint 
research  in  fields  such  as  ice  mechanics.  The  Soviet  scientists  vrorking  in  these 
fields  were  rarely  allowed  to  attend  scientific  meetings  outside  the  USSR,  nca:  to 
develop  cxxperative  programs.  Therefore,  the  Soviets'  list  of  suggested  topics 


5 


for  this  watlcshop  created  an  uncharacteristic  opportunity  to  discuss  subjects  that 
axe  directly  e^licable  to  ships  operating  in  ice,  to  natural  mechanical  processes 
in  sea  ice  covers  such  as  ridge  and  rubble  famation,  to  ice  forces  on  offshore 
stnx±ures,  to  techniques  for  modeling  ice  b^iavior,  and  to  more  fundamental 
a^iects  of  the  deformaticHi  and  fracture  of  ice. 

Some  of  the  Soviet  vforkshop  participants  contributed  to  this  unusual 
atmoephere.  For  instance,  Dr.  G.  A.  Lebedev's  group  frcm  AARI  is  known  to  be 
heavily  involved  in  adjects  of  the  geophysics  of  sea  ice  that  were  of  direct 
eqppllcability  to  the  problems  of  the  Soviet  submarine  fleet.  (Dr.  Lebedev  is  the 
successor  to  Dr.  V.  V.  Bogcrodski  who  died  of  a  heart  attack  a  few  years  ago. 
Dr.  Bogorodski  was  an  extremely  prolific,  high  quality  scientist  vtho  contributed 
to  acoustic,  remote  sensing,  ice  property  and  ice  penetration  research.  Ifembers 
of  his  groip  such  as  Dr.  V.  P.  Gavrilo  are  outstanding.)  Althoui^  Dr.  Lebedev 
himself  is  not  as  well  known  as  the  other  members  (to  date  he  has  not  published 
as  extensively) ,  he  nevertheless  appears  to  be  quite  cspable.  During  the 
workshop,  he  was  present  vhenever  policy  matters  were  discussed,  raised 
interesting  points  during  the  discussions,  and  expressed  much  interest  in  joint 
research  programs. 

IWo  of  the  otlier  Soviet  groups  vthich  participated  in  the  workshop  also  had 
obvious  ties  to  the  Soviet  navy:  the  Krylov  Ship  Research  Institute  (with  its 
^ctensive  model  basins)  and  the  Leningrad  State  Iftiiversity  of  Ooean  Technology 
(which  trains  naval  architects  and  engineers  -  many  of  when  eventually  wock  on  or 
with  submarines) .  Ihese  topics  will  be  addressed  in  further  detail  later  in  this 
report. 


HI.  wcRKsaop 


IXoring  the  Ice  Mechanics  Workshop,  four  days  were  strictly  devoted  to 
presentations.  Ihe  American  presentaticxis  were  quite  varied  with  heavy  enphasis 
on  experimental  and  numerical  modeling.  Bpertanoe  was  placed  on  reea-world 
observations  and  real  problems  -  not  surprising  in  that  the  U.S.  delegation 
ocxitained  several  scientists  from  oil  oonpanies,  as  well  as  oontractors,  \itio  had 
experience  with  off^ore  operations.  In  contrast,  the  Soviet  presentations  were 
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generally  heavy  on  theofry  and  anedytlcal  procedures.  Consequently,  many  of  the 
2^]proaches  appeared  to  be  scneiiitot  unrealistic,  especially  v^hen  cloeed~fan& 
solutions  were  offered.  (This  was  ccranonly  acocxplished  by  setting  vp  problems 
that  were  artificial  from  the  start.)  Given  limited  computing  cE^>abilities  and 
the  fact  that  the  Soviets  have  historically  been  leaders  in  finding  such 
closed-form  solutions,  many  of  the  Soviet  authors  c^speared  to  be  reluctant  to 
consider  actual  field  conditions.  Moreover,  the  expertise  of  the  Institute  of 
Hechaniccd  Prc^lems  (IW)  of  the  ASUSSR  (now,  the  Russian  Acadeny  of  Sciences)  lies 
with  theory.  Ihe  result  was  that  some  of  the  Soviet  ice  (ynamic  presentations 
used  approaches  that  alreacy  had  been  tried  and  dispensed  with  in  the  West. 

At  the  meeting,  oomnunications  were  sometimes  strained  given  the  difficult 
job  of  interpreting.  Interestingly,  whereas  roost  of  the  American  partici{)ants  did 
not  qpeak  Russian,  a  few  of  the  Soviets  ^xoke  exxoellent  English  and  many  of  them 
egjpeared  to  have  some  understanding  of  the  language. 

IV.  MEM3B2am<aFCXX]PEl»TION 


At  the  start  of  the  meeting.  Dr.  K.  V.  Frolov,  vice  president  of  the  ASUSSR 
(currently  a  vice  president  of  the  Russian  Academy  of  Sciences) ,  stressed  that  it 
was  important  to  form  a  permanent  US/IISSR  ocnroittee  on  the  subject  of  ice 
mechanics  and  climate.  Efe  felt  that  this  was  a  subject  of  importanoe  to  both 
countries  that  required  significant  additicml  research.  He  hoped  this  permanait 
ooranittee  would  develop  a  system  of  projects  and  grants  in  a  manner  similar  to 
that  of  the  Soviet-Swedish  joint  program.  He  added  that  ice  mechanics  research 
needed  irpxfved  visibility  and  financing  even  in  the  Soviet  Uhion.  As  an  aside. 
Dr.  ETolov  suggested  to  Dr.  weeks  that  a  letter  be  written  to  the  National  Acadeny 
of  Sciences  and  to  the  National  Science  Foundation  about  these  opportunities,  and 
that  a  cxjpy  of  ary  such  letter  be  given  to  him. 

On  the  seocxid  day  of  the  workshop,  several  of  the  American  participants  were 
called  into  a  short  meeting  in  the  Office  of  the  Director  of  IW  concerning  the 
writing  and  signing  of  a  joint  memorandum.  In  this  meeting,  and  in  the  memorandum 
meetings  that  followed.  Dr.  Igor  Vasiljev,  who  eppeared  to  have  considerable 
e}q)erienoe  with  such  arrangements,  represented  the  Soviet  delegation  and 
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Dr.  Goldstein  the  American  delegation.  Although  the  American  woidc^iqp 
participants  stressed  that  they  did  not  have  the  authority  to  make  oomnitments  on 
b^lf  of  the  NAS  or  any  U.S.  govemm^it  organization,  the  Soviets  thought  that 
this  memorandum  was  still  most  important.  (See  ^^pendix.) 

It  was  agreed,  however,  that  cooperative  work  was  in  everyone's  best 
interer  and  that  everything  possible  that  could  be  done  to  support  this 
initia  ive  should  be  done.  Ihe  r^mres^rtatives  of  the  oil  and  gas  oon|)anies  at 
the  meeting  were  very  positive  and  gave  strong  support  to  such  a  inenorandum. 
Moreover,  they  stated  that  they  would  be  able  to  provide  at  least  partlEd 
financial  si;9:part  for  the  activities  of  the  proposed  ocmnittee,  which  would  be 
oonposed  of  five  scientists  from  each  country.  Ihe  e^gerienoe  oould  be 
illuminating  for  both  sides. 

V.  SITE  VEsns 


Krylov  Ship  Researrh  Tr|g<-itute 

Founded  in  1894,  Krylov  is  extremely  large  in  size  and  scope.  Evident  by 
the  variety  of  models  of  warships  on  display,  this  institute  did  considerable  work 
for  the  Soviet  Navy.  Its  projects  vary  widely  and  deal  with  modeling,  nuclear 
powered  ships,  deep-sea  submersibles,  hydrofoils,  and  hovercraft.  Ihe  institute 
edso  works  for  foreign  firms  and  is  interested  in  acquiring  additiormd.  foreign 
business.  Moreover,  Krylov  offers  short-term  seminars  (2-3  days)  on  specific 
subjects  and  is  ocxisidering  making  these  lessons  available  to  foreigners.  In 
addition,  it  e$¥}ears  that  the  institute  conducts  investigations  that  contribute 
to  specific  ship  designs,  but  does  not  do  the  actual  designs  itself.  Similarly, 
Krylov  conducts  investigaticmis  of  materials,  thou^  it  does  not  develop  new 
materials.  Krylov's  staff  includes  60  Ph.O.s  and  e^proximately  500  D.Sc.s. 

Ihcuc^  the  NAS  delegation  toured  seme  open  water  basins  and  lOrylov's  ice 
tank,  only  the  latter  will  be  discussed.  Ihe  head  of  the  ice  model  basin. 

Dr.  Valery  Belyashov,  gave  the  primary  presentation.  Aocording  to  Dr.  Belyashov, 
the  institute  uses  saline  ice  to  simulate  natural  sea  ice,  and  recently  has  been 
focusing  on  problems  relating  to  prx^jeller  design  for  icebreakers.  Ihe  Soviet 
presentations  on  this  subject  were  very  impressive  and  the  analysis  very 
sophisticated.  Ihe  American  groep  was  not  aware  of  similar  work  on  propellers 
being  undertaken  in  the  West.  Ihe  facility  itself  was  in  good  shape  and  was  being 
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extensively  used.  However,  it  should  be  noted  that  the  data  logging  equipnoit 
^{)eared  to  be  old  and  outdated  by  approximately  20  years. 

It  would  be  very  interesting  for  Western  industry  to  give  Krylov  a  small 
testing  contract  to  see  how  easy  it  tiould  be  to  work  together.  There  may  be 
problems  with  secrecy,  as  this  was  the  one  laboratory  \itiere  pictures  were  not 
allowed  to  be  tadcoi.  If  a  decision  relates  to  the  collection  of  data  in 
sensitive  areas  (such  as  the  seas  north  of  the  Russian  mainland) ,  Or.  Nilcolay  P. 
Laverov  should  be  addressed.  Dr.  Laverov  served  on  the  Cabinet  of  Ministers  of 
the  USSR  and  the  State  Oonmittee  on  Sciaioe  and  Technology  of  the  USSR.  At  the 
time  of  this  workshop,  he  was  also  the  Chaur  of  the  comnission  on  Arctic  Problems 
of  the  Academy  of  Sciences  of  the  USSR.  According  to  Dr.  Ftelov, 

Dr.  Laverov  is  the  senior  official  vftio  clearly  has  the  authority  to  make  such 
decisions.  As  a  geologist.  Dr.  Laverov  can  understand  the  technical,  issues 
involved  in  such  projects.  In  this  ca^,  the  difficulty  is  in  trying  to  meet  with 
such  a  hi^ily  placed  individual. 

In  the  future,  a  serious  attempt  should  be  made  to  develop  a  significant 
joint  program  with  Krylov.  The  institute  has  both  the  data  and  the  experience. 
The  Krylov  scientists  would  seem  to  welcome  a  program  such  as  this,  and  the 
American  scientists  would  learn  much  in  this  area.  The  cooperation  would  not  be 
easy  to  arrange,  but  it  oertaiinly  could  be  worth  the  effort.  However,  some  care 
would  clearly  have  to  be  taken  to  minimize  the  concerns  of  all  parties. 

TAnInqrqd  St  »te  Ifriiversitv  of  Ocean  Technology 

This  university  trained  most  of  the  Soviet  naval  architects  and  engineers. 
The  Rector  of  the  University  gave  a  fascinating  talk  regarding  his  institution. 
The  university  has  specicilists  in  five  main  areas: 

1}  general  studies  (math,  physics,  materials,  chemistry), 

2)  shi^ibuildisg/ooean  engineering, 

3)  machinery, 

4)  electronics  (the  largest  graap), 

5)  management  and  eoonomicaa. 
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Its  budget  is  about  30  million  rubles,  of  which  two-thirds  (xnes  &an  the 
state.  Ihe  outside  funding  of  10  million  rubles  ocnes  frcm  the  military  (10%)  and 
fixm  industry  (90%).  (Most  of  this  money  is  not  for  scienoe.)  Reoently,  the 
support  for  basic  research  has  been  drying  Ihe  university  used  to  have, 
roughly  stated,  3  million  rubles  for  basic  research,  but  new  has  only  one-taith 
of  that  amount.  Ihe  rector  also  expressed  concern  about  losing  the  best  of  the 
xmiversi^'s  staff  members.  [Ihe  university  currently  has  50  chadrs,  78  full 
professors  (D.Sc.)  and  300  Candidates  of  Science.] 

Having  foreseen  these  financial  difficulties,  the  university  cut  its  student 
boty  from  1225  per  year  to  750  per  year.  At  present,  the  institution  gt^kduates 
only  about  500  students  per  year.  A  large  percentage  of  its  graduates  in  the  past 
went  to  WQidc  designing  and  building  submarines,  but  now  that  the  demand  for  this 
is  lew,  there  is  no  need  for  as  many  graduates.  Ihe  rector  stated,  "We  would 
design  one  and  they  would  build  one  or  two  of  them,  and  the  next  thing  you  know 
they  wanted  another  design.  Ihat  took  a  lot  of  people.  However  two  to  three 
years  ago,  the  order  book  for  new  submarines  went  to  zero;  thus,  we  figured  that 
the  demand  for  our  graduates  would  be  less  and  we  started  cutting  back."  Ihe 
university  has  now  started  its  own  enterprise  by  producing  items  invented  by 
faculty  members.  Ihe  rector  appeared  to  be  rather  pleased  with  these  activities 
vAiich  were  shewing  considerable  premise  and  profit. 


Ihe  rector  e^^peared  to  be  very  interested  in  developing  cooperative  work 
with  U.S.  universities  and  companies.  Presently,  the  university  has  a  program 
underway  with  Worcester  Polytechnic  Ir^titute  in  Massachusetts  (WPI) .  In  this 
program,  WPI  sends  students  .'n  .h?  social  sciences  and  languages  to  Leningrad 
State  Uhiversity,  vhich,  in  turn,  uses  the  hard  currency  obtained  frcm  this 
exchange  to  si;pport  its  science  and  engineering  professors  vhen  they  ^)end 
sabbaticals  at  WPI.  Clearly,  the  rector  wants  his  staff  to  go  ahroexi  to  broaden 
their  interests  and  to  increase  their  kncwledge  of  the  latest  technology.  On  the 
other  hand,  he  does  not  want  lose  all  of  his  best  people.  He  feels  that  the 
university  is  in  a  crisis  situation  at  present,  and  that  it  will  be  difficult  both 
to  survive  and  to  maintain  hi^  standards.  His  vision  of  the  university's 
research  enphasis  during  the  next  5  yea^:  is  as  follows: 
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1)  Matarials  (special  steels  for  reactors,  ixn[3roved  equiinent  and 
technology  for  nuclear  stations  to  eiiianoe  their  reliability,  materials 
with  sh2^  memory) , 

2)  modeUng  of  processes  [The  university  needs  better  ocnputer  facilities 
and  better  and  more  specialized  software.  ] , 

3}  sminamliirtnim  for  acoustics, 

4)  gaoplqfsics  (studies  at  0.1  to  0.2  Hz)  [This  vioidc  was  started  for  the 
military,  but  is  now  believed  to  have  some  iopartant  civilian 
e^lications.  ] , 

5)  propulsiaa  (with  enphasis  on  reducing  noise) , 

6)  new  power  q^stems  utilizing  hydrogen, 

7)  electronics  [Rouc^y  one-third  of  the  universil^  is  focused  on  this  at 
present.]. 


ETom  this  list  of  research  topics,  it  is  clear  that  the  university  was  still 
performing  significant  work  for  the  Soviet  Navy. 

After  the  rector's  presentation,  the  NAS  delegation  grxxp)  was  given  a 
facilities  tour  ty  Professor  L.  I.  Simian. 

Arctic  and  Antarc*An  Research  Institute  fAARI) 

This  70-year  old  institute  with  a  staff  of  2,000  runs  six  ships,  several 
Antarctic  research  stations,  and  one  to  two  drift  stations  in  the  Arctic  Ocean. 
(It  is  housed  in  a  relatively  new  building  of  at  least  tmi  stories.)  The 
American  delegation  found  AARE,  vhich  belongs  to  the  Hydrcmeteorologioal 
(Gidrometeorolzdat)  Ministry,  to  be  quite  different  from  the  universities  and  the 
institutes  of  the  Academy  of  Sciences.  Dr.  Y.  E.  NiJdufarov,  Assistant  Director 
of  AARI  (himself  a  theoretician  vho  works  in  numerical  modeling)  and  Dr.  Sergey 
Karpddn,  D^uty  Director  of  AARI,  addressed  the  delegation.  Dr.  Nikiforov  stated 
that  the  Soviets  knew  American  results  better  than  the  American  scientists  knew 
the  Soviet  results.  He  also  suggested  that  Soviet  work  (presumably  in  ice 
(fynamics  modeling)  was  better  than  the  American  work. 

AARI's  principal  interests  are  ice  as  a  materiatl  and  the  ptqrsical  and 
mechanical  properties  and  cynamics  of  natural  ice  covers.  Research  areas  of 
particular  interest  to  the  institute  also  include  tho  remote  sensing  of  ice 
covers,  relations  between  the  stx\x±ural  and  electromagnetic  properties  of  ice. 
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and  the  influence  of  loe  cn  aigineering  structures  including  ships.  (AARI  worics 
closely  with  the  Northern  Sea  Route  Administration. )  In  general,  the  institute's 
research  approadnes  are  similzur  to  those  of  the  West.  Ihe  split  between 
labocatary  and  field  studies  is  rou^ily  50/50,  but  80%  of  the  funding  goes  to 
field  programs  because  of  the  hi^  cost  of  logistics. 

Dr.  Niiciforov  answered  a  number  of  questions  that  were  posed  to  him  by  the 
NAS  delegation.  An  interesting  exchange  took  place  and  is  sumnarized  as  follows: 

Qt  Is  AARI  interested  in  infoznatian  exchanges? 

A:  Yes,  but  such  exchanges  nust  be  ^secified  in  a  joint  agreement.  AARI  has 

similar  bureaucratic  problems  to  organizations  in  the  U.S. 

Q:  Is  the  fact  that  AARI  belongs  to  the  ^dzcoeteozological  Ministry  iiiportant? 

A:  Yes.  To  deal  with  AARI,  it  is  probably  necessary  to  sign  a  separate 

agreement  with  the  Ministry.  Without  this  step,  it  is  doubtful  that  AARI 
would  receive  the  funding  necessary  to  honor  the  agreement.  [It  was  irplied 
that  an  agreement  with  the  ASUSSR  did  not  carry  much  wei^t  with 
Gidrometeorolzdat .  ] 

Q:  Would  you  oonsider  undertaking  a  joint  research  program  on  ioe  fracture  and 

acoustic  noise? 

A:  NO. 

Q:  Do  you  have  detailed  information  on  sea  ioe  oanditioos  in  the  Soviet  seas? 

A:  Yes.  However,  we  cannot  release  such  information  to  you  without  specific 

permission  from  our  Ministry. 

Qs  During  recent  years  AARI  has  ocmaonly  operated  two  drifting  stations  in  the 
Arctic  Basin.  At  present,  only  one  station  is  operating.  Do  you  plan  to 
operate  one  of  two  staticms  in  the  future? 

A:  We  have  cut  back  to  one  staticxi  because  of  funding  limitations.  [Ihis  left 

the  opportunity  for  AARI  to  return  to  two  stations  vhen  it  can  afford  it.  ] 
Q:  Recently  there  have  been  several  papers  published  in  the  Western  literaturs 

which  have  examined  the  extent  of  the  arctic  ioe  pack  to  see  if  there  are 
any  temporal  trends  that  could  be  associated  with  a  greenhouse  effect. 
Reused  on  your  extensive  eagierienoe,  have  you  discovered  any  systematic 
decrease  in  overall  sea  ioe  extent  in  the  Arctic? 

A:  No.  However,  the  variations  from  location  to  location  and  from  year  to  year 

are  very  large. 


Qs  is  sasier,  joint  woric  in  ths  Arctic  or  in  tbs  Antarctioa? 

A:  Joint  woric  in  the  Antarctic  is  nuch  easier.  [In  fact,  a  joint  U.S./U.S.S.R. 

drift  station  is  planned  for  the  Weddell  Sea  during  1992.  Recently,  NSF  has 
signed  a  cooperative  agreement  with  the  Soviets  for  work  in  snow  and  ice 
engineering  related  to  the  operation  of  stations  in  the  Antarctic.  Dus 
should  be  contrasted  with  the  fact  that  U.S.  sciaitific  parties,  which  were 
planning  to  utilize  a  Soviet  icebreaker  cruise  from  HuriDansk  to  the  Bering 
Strait  via  the  North  Pole,  have  be^  infanaed  that  no  sciaioe  can  be  carried 
out  on  the  cruise.  Diis  is  debits  the  fact  that  the  cruise  was  a  Soviet 
initiative  with  a  ticket  price  of  roughly  $20,000  for  each  U.S.  investigator 
and  that  the  details  of  the  U.S.  science  program  had  been  known  to  the 
Soviets  for  some  time.] 

Following  this  discussiai,  the  NAS  delegation  toured  the  AARI  ice  tank.  Die 
tank,  vhich  like  lOrylov  uses  salt  ice  to  simulate  sea  ice,  is  only  two  years  old. 
It  is  the  successor  to  AARI's  original  tank  (vhich  was  apparently  the  first  ice 
tank  in  the  world).  Die  tank  dimensions  are  40  meters  by  5  meters  by  2  to  7 
meters  (in  d^ith) .  Die  Soviets  can  freeze  the  ice  at  two  different  rates 
depending  vipon  vhether  they  use  the  cooling  coils  on  the  ceiling  (slow  freezing) 
or  a  covering  system  vhich  provides  an  air  temperature  of  rou^y  -25  degrees  C. 
Once  the  required  ice  thickness  is  achieved,  the  scientists  warm  the  room's 
temperature  to  get  the  proper  values  for  the  ice  strength  and  elastic  modulus. 

Diouf^  Dr.  Niioolaev  is  apparently  in  charge  of  the  tardc.  Dr.  Vladimir 
LiJdiomanov  gave  the  presentations.  Diere  was  no  ice  in  the  tank  when  the  NAS 
delegation  visited  the  premises. 

Althou^  epparently  new,  the  tank  did  not  eppear  to  be  in  the  best 
oonditic»i.  Dr.  Weeks  asked  about  the  Soviet  experience  with  using  salt.  (Western 
IcQxratories  have  largely  disocxitinued  its  use  because  of  severe  corrosion 
problems) .  Die  Soviets  replied  that  they  used  ^lecicil  rust-proof  materieds  and 
therefore  did  not  anticipate  such  problems.  (It  was  noted,  however,  that  there 
was  edreacty  thick  rust  present  all  over  the  tank. )  Diere  was  an  impression  that 
the  Soviets  had  not  used  this  taiik  a  great  deal,  and  one  of  the  Soviet  specialists 
confirmed  that  they  did  not  have  many  requests  for  studies.  Omtparatively,  the 
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AARI  tank  did  not  seem  to  be  as  isiiressive  as  the  Krylov  facility. 


The  NAS  delegation  could  have  easily  ^lent  more  time  at  AARI.  There  %«as 
unfortunately  no  opportunity  for  a  visit  to  the  ice  reoonnaissanoe  grotqp  that  is 
located  on  the  ei^th  floor  of  AARI.  This  groi^  has  eagierienoe  operating  a  sea 
ice  thickness  radar  with  reportedly  very  iiipressive  results.  But  even  during  the 
brief  visit,  sane  interesting  discussions  were  carried  out  with  Dr.  Gavrilo 
regarding  remote  sensing.  Dr.  Lebedevas  group  clearly  wants  to  become  involved 
in  a  cooperative  ice  stnx:ture-ioe  properties  (electrical  and  mechanical)  remote 
sensing  program.  In  fact,  Dr.  L^sedev  specifically  stated  this  desire.  As  a 
result.  Dr.  Weeks  plans  to  propose  such  a  cooperative  program  including  a  joint 
field  operation.  Dr.  Weeks  maintciined  that  this  type  of  program  uould  not  be  ea^ 
to  arrange  even  with  the  best  will  on  both  sides,  since  mary  people  in  addition 
to  the  scientists  must  epprove  American*-Soviet  cooperation  in  this  field.  He 
added  that  perhaps  this  kind  of  cooperation  could  only  be  aoocnplished  in  the 
Antarctic.  Nevertheless,  he  believes  such  an  initiative  should  be  attempted. 

There  is  little  doubt  that  AARI  is  where  the  real  experience  lies  concerning 
Soviet  research  in  ice  structure,  ice  properties,  and  ice  ^plications  of  remote 
sensing.  In  the  area  of  offshcjre  design,  the  expertise  appears  to  be  more 
diffuse.  This  is  particularly  true  as  the  result  of  the  recent  death  of 
Or.  Kheisin  vho  was  AARI's  top  ejpert  on  this  subject. 

Leninctrad  State  Technical  Uhiversitv 

This  university,  vhich  has  graduated  140,000  engineers,  houses  several 
different  institutes  and  56  d^>artments.  Its  staff  includes  7  academicians  and 
12  corresponding  members  of  the  Acadeaoy,  2,000  teachers,  and  professors  (1,100 
Fh.D.s  and  250  D.Sc.s) .  The  current  student  body  is  cxmposed  of  20,000  students 
including  1,200  foreign  students,  approximately  one-third  of  its  program  is 
conducted  in  the  evening.  The  university  largely  refunds  to  the  plans  of  the 
Academy  of  Sciences.  In  the  past,  the  government  only  required  that  the 
university  pr^iare  students  and  oorekict  research.  Now,  in  addition  to  its  other 
tasks,  the  university  must  carry  out  business  operations  since  it  does  not  receive 
adequate  funding  from  the  State. 

Professors  Shkhinek,  Simakov,  Rosen,  Sokolov  and  Bogolov  gave  presentations 
to  the  NAS  delegation  that  were  largely  focused  on  theoretical  considerations. 
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Professor  Ros^  stated,  **010:  nathesaatics  is  the  best  in  the  world  and  we  are  very 
ineaqiensive  to  siqpport  with  foreign  currency.''  The  latter  part  of  his  stataodent 
is  unquestionably  correct.  At  present,  working  scientists  get  paid  3000-4000 
rubles  per  month,  vftuch  at  the  September  1992  exchange  rate  of  215  rubles  per 
dollar,  equ2ds  2pprc»dmately  $18.60  per  month. 

The  NAS  delegation  w^t  on  to  tour  some  of  the  laboratory  facilities  viiich 
were  generedly  in  the  field  of  ocean  engineering  and  ver&  not  that  advanced  by 
Western  standards.  There  was  no  doubt  that  the  professors  to  when  the  NAS 
delegation  taUced  were  very  interested  in  cooperative  work  of  ary  type. 

VI.  CXXKXJDBICNS 


Evidently,  Russian  universities  and  institutes  [that  have  come  under  the 
purview  of  the  ASOSSR]  have  been  told  to  make  Western  contacts  and  to  vmdertake 
joint  programs  for  the  purpose  of  (±taining  hard  currency.  They  are  trying  hard 
to  do  just  this  in  order  to  pay  for  their  scientists  and  necessary  supplies.  The 
transition  to  a  more  open  eocxxxiy,  however,  is  going  to  be  particularly  difficult 
for  the  research  ccxnnunity  in  the  former  Soviet  Union.  There  seems  to  be  a  oenmon 
Soviet  misoQno^)ticHi  that  American  scientists  are  extremely  well  funded.  When 
Dr.  Frolov  visited  university  of  Alaska  at  Fairbanks,  for  exanple,  he  initially 
seemed  to  think  that  additicmal  research  funds  could  be  easily  obtained. 
C3onsiderable  effort  was  undertaken  to  e^qilain  the  real  situation  in  U.S.  science. 
He  expressed  surprise  and  amazement  at  the  recent  reports  on  Fairbanks'  funding 
levels  and  patterns.  Dr.  Frolov  and  his  knowledge  of  the  U.S.  science  stnteture 
seems  to  be  the  exception.  The  vast  majority  of  Soviet  scientists  whom  the  NAS 
delegation  met  vhile  in  the  USSR  appeared  to  hold  unrealistic  expectations  of  the 
possibilities  for  U.S.  support  for  Soviet  science.  On  a  similar  note,  the  Soviets 
may  not  understand  vhat  would  be  expected  of  them  should  they  receive  such 
funding.  (This  would  be  especially  true  if  they  were  to  receive  funding  frem 
private  oenpanies  vhere  instant  performanoe  is  assumed  and  vhere  cxnpaty  engineers 
Icxdc  over  their  researchers'  shoulders.) 

The  level  of  output  of  Soviet  scientists  was  different  than  the  level  in  the 
united  States.  This  was  exenplified  by  visits  to  large  Soviet  organizations  that 
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eiplGy  far  more  sclaitists  in  the  general  area  of  ice  and  snow  research  than  are 
esployed  in  all  U.S.  and  Eurcpean  instituticns  ocDbined  together.  Ihe  output  of 
these  Soviet  groups  was  small,  and  in  many  cases  not  as  groundbreaking  as  it  oculd 
te,  given  the  fact  that  seme  of  the  key  issues  in  the  field  were  not  being 
2Kk3ressed.  (Mary  Soviet  papers  would  not:  have  been  approved  by  peer  reviewers  in 
the  West.)  However,  in  the  most  recent  publications  of  AARI,  there  has  beai  a 
significant  change.  Ihe  papers  have  started  presaiting  detzdls  with  charts, 
tables,  gr2$)hs  and  neps.  This  academic  ^preach  is  an  encouraging  development. 

In  their  efforts  to  secure  hard  curroicy,  the  different  Soviet  organizatians 
are  clearly  in  head-<to-head  ocnpetltlcn  iidth  each  other.  If  one  wishes  to  arrange 
a  ooeperative  study  with  a  theoretician  or  an  eoperimentalist  at  either  a 
university  or  an  Academy  institute,  a  few  problems  would  most  liJoely  arise.  The 
Host  difficult  problem  would  probably  be  to  obtain  funding.  (In  this  area,  the 
one  exc^jtion  among  the  institutes  that  were  visited  by  the  NAS  delegation  was 
AARI.  This  may  sinply  be  because  AARI  is  in  a  government  ministry.)  Given  the 
political  and  military  sensitivity  of  the  Arctic  Ocean  and  its  peripheral  seas, 
the  possibilities  of  joint  research  Is  conplicated.  Another  problem  is  that 
scientists  never  seem  to  have  the  opportunity  to  directly  discuss  the  research 
issues  with  the  people  vho  have  the  ultimate  decision  making  authority  in  these 
areas. 


It  is  worth  noting  that  the  final  sentence  in  the  second  paragraph  of  the 
memorandum  of  ooeperation  is  as  follows:  "It  is  further  suggested  that  the  U.S. 
National  Science  Foundation  and  U.S.S.R.  Acadeany  of  Sciences  add  the  subject  area 
of  ice  mechanics  to  its  approved  list,  'Scientific  Problems  of  the  Arctic  and  the 
Ncrth'  that  are  considered  as  appropriate  for  U.S. -U.S.S.R.  ooeperation  in  the 
field  of  Basic  Scientific  Research."  Althcu^  it  was  r^seatedly  pointed  out  that 
had  removed  the  restrictions  cn  subjects  that  could  be  considered  under  this 
program,  the  Soviets  were  adamant  that  such  a  statement  be  included.  They  had 
evidently  found  such  restrictions  to  be  a  hindrance  in  the  past. 

The  NAS  delegation  attempted  to  make  the  memo  as  flexible  and  as  simple  as 
px^ible.  It  was  generally  felt  that  activities  carried  out  under  the  memo  would 
be  focused  and  implemented  by  small  groips  of  specialists.  It  was  also  ^parent 
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that  the  Soviets  felt  that  the  memo  would  make  it  easier  for  their  ijistitutes  to 
interact  with  American  oil  oonpanies.  Ihe  hope  was  to  have  the  memo  signed  hy  the 
time  the  NAS  delegation  left  the  U.S.S.R. ,  but  this  did  not  prove  to  be  possible. 


Ihe  poor  maintenance  and  construction  of  the  Soviet  institutes  contributed 
to  the  overall  gloony  inood  of  the  Soviets  scientists.  Ihe  next  few  yeairs  will 
undoubtedly  be  difficult  for  scientists  in  the  former  Soviet  Union.  Muttually 
advantageous  scientific  exchanges  and  joint  research  programs  would  clearly  add 
the  science  oconunity  in  the  fanner  Soviet  union.  It  is  the  opinion  of  the 
American  delegation  chedr  that,  in  areas  such  as  ice  mechanics  where  the  Soviets 
have  had  so  much  esgerienoe,  well  designed  research  collaboration  could  be  very 
beneficial  scientifically  and  even  cost  effective  for  the  l&iited  States.  Such 
joint  programs  should  receive  significant  sipport.  In  the  future,  the  return  on 
these  possible  U.S.  investments  could  be  very  substanti2d. 
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Tzz.  rasnczcAMr  lzst 


AMERICAN  lARXICIEntllS  FCR  iaS>ASDSSR  ICE  MBCBANICS  WCiaCSBOP 


Robert  L.  Brown 

0^>artment  of  Civil  Engineering 
and  Engineering  Mechanics 
Montana  State  University 
Bozeman,  MT  59717 
406/994-6122 
406/994-2893  (EAX) 

David  M.  Cole 
cold  Regions  Research  and 
Engineering  Laboratory 
72  Lyme  Road 
Hanover,  NH  03755-1290 
603/646-4217 
603/646-4640  (FAX) 

Max  Coon 

Ihe  BCM  Corporation 
16300  Christensen  Road  #3 
Suite  315 
Seattle,  Vh  98188 
206/439-5300 
206/439-5250  (FAX) 

Gordon  F.N.  Cox  (NAS  Vice  Chair) 
Amooo  Producticxi  Oonpany 
Research  Center 
4502  East  41st  Street 
P.O.  Box  3383 
Tulsa,  OK  74102 
918/660-3339 
918/660-3274  (FAX) 

Thcmas  Curtin 

Office  of  Naval  Resecuxh 

Code  1125  AR 

800  N.  Quincy  Street 

Arlingtxxi,  VA  22217 

703/696-4118 

703/696-4884  (FAX) 

Jchn  P.  Denpsey 
Department  of  Civil  and 
Envircnmental  Engineering 
Clarkscxi  university 
Potsdam,  NY  13699-5710 
315/268-6517 
315/268-7985  (FAX) 


Arnold  D.  Kerr 
university  of  Delaware 
Departmmit  of  Civil  Engineering 
Newaric,  DE  19716 
302/451-2756 
302/292-3640  (FAX) 

Donald  E.  Nevel 
Production  Engineering  and 
Research 
Conoco,  Inc. 

P.O.  Box  2197 
Houston,  TX  77252 
713/293-1258 
713/293-5529  (FAX) 

Wilfrid  A.  Nixon 

Institute  of  Hydraulic  Research 

University  of  jLOt»a 

Iowa  City,  lA  52242-1585 

319/335-5237 

319/335-5238  (FAX) 

Robert  S.  Pritchard 
IceCasting,  Inc. 

11042  Sand  Point  Way,  NE 
Seattle,  WA  98125-5846 
206/363-3394 
206/363-3394  (FAX) 

Anton  Prodanovic 
Mobil  Reseeuxh  emd  Development 
Corporation 

Dallas  E  &  P  Engineering 
13777  Midway  Road 
Dallas,  TX  75244-4312 
214/851-8304 
214/851-8385  (FAX) 

Jacqueline  A.  Richter*4fenge 
CRREL 

72  Lyme  Road 
Hanover,  NH  03755-1290 
603/646-4266 
603/646-4644  (FAX) 
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Devinder  S.  Sodhi 
CSREXi 

72  Lyme  Road 
Hanover,  NH  03755-1290 
603/646-4267 
603/646-4278  (FAX) 


Walter  B.  lUcker,  III 
CRREL 

72  Lyme  Road 
Hanover,  NH  03755-1290 
603/646-4268 
603/646-4278  (P30C) 


S.  Shyam  Sunder 

D^>artment  of  Civil  Qigineering 
Roan  1-274 

Massachusetts  Institute  of  Technology 
Cambridge,  02139 
617/253-7118 
617/253-6044  (FAX) 


Albert  T.  Wang 
Exxon  Pro(tx:ti(3n  Research 
Ooqpany 
P.O.  Bcac  2189 
Houston,  TX  77252-2189 
713/940-3750 

Wilford  F.  Weeks  (NAS  Chair) 
Gec|hysic:al  Institute 
Ohiversity  of  AlasJca 
Fairbanks,  AK  99775-0800 
907/474-7280 
907/474-7290  (FAX) 


NAS  glAFF 

Kathleen  K.  Trivers 

Soviet  &  East  European  Affairs 

Naticxial  Academy  of  Sciences 

2101  Oonstituticxi  Ave. 

Washingtcxi,  DC  20418 

202/334-3654 

202/334-2614  (FAX) 
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SOVIEr  PARTICZBANIS  FCR  lAS-ASOSSR  ICE  MBCBAMICS  WCBICaaOP 


V.M.  Alexandrov 

Institute  for  Problems  in  Mechanics 
USSR  Academy  of  Sciences 
MoGocw,  USSR 

A.T.  Bekker 

Civil  Engineering  D^artnent 
Far-Eastern  Polytechnical  Iistitute 
Vladivostok,  USSR 

A.B.  Below 

All-union  Research  and  Design 
Institute  for  Offshore  Oil  and 
Gas  Recovery  (VNIPlMoimeftegaz) 
Moscxw,  USSR 

E.A.  Bondarev 

Institute  of  Physical-Technical 
Problems  of  the  North 
USSR  Academy  of  Sciences 
Yakutsk,  USSR 

V.A.  Borodkin 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

V.I.  Danilenko 

Institute  for  Prctleros  in  Mechanics 
USSR  Acadeity  of  Sciences 
Moscxw,  USSR 

V.P.  E^ifanov 

Institute  fcjr  Prctlems  in  Mechanics 
USSR  Acadeny  of  Sciences 
Moscxw,  USSR 

K.V.  Frolov 
Vice  Presicient 
USSR  Acadeny  of  Sciences 
Moscxw,  USSR 

V.P.  Gavrilo 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

R.V.  Golcistein 

Institute  fcsr  Problems  in  Mechanics 
USSR  Acadeny  of  Sciences 
Moscxw,  USSR 


S.S.  Grigorian 

Scientific  Research  Institute 
of  Mechanics 
Moscxw  State  University 
Moscxw,  USSR 

A. A.  Iliady 

All  union  Research  and  Design 
Institute  for  Offshore  Oil  and 
Gas  Recxtvery  (WIPlMomeftegaz} 
Moscxw,  USSR 

D.E.  Kheisin 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

N.G.  Khr2qpaty 

Far-Eastern  Polytechnic  Institute 
Vladivostck,  USSR 

D. M.  Klimov 
Director 

Institute  fcrr  Probleos  in  Mechanics 
USSR  Acadeny  of  Sciences 
Moscxw,  USSR 

S.A.  Kolesov 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

B. G.  Vac&nev 

Moscxw  Civil  Engineering  Institute 
Moscxw,  USSR 

E. B.  Koroleva 

Moscxw  Civil  Engineering  Institute 
Moscxw,  USSR 

S.K.  Kovalov 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

V.A.  Kurc^umov 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 
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V.P.  Larionov 

Institxite  of  Fhysical-Teciinical 
ProbleDQS  of  the  North 
USSR  AcadeaDoy  of  Sciences 
Yakuts,  USSR 

G.A.  Lebedev 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

V.A.  Likhcinanov 
Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 

A.V.  Marchenko 

Institute  of  ^plied  Matheaooatics 
Vladivistok,  USSR 

D.G.  Matskevitch 

Leningrad  State  Technical  Uhiversil^ 
Leningrad,  USSR 

V.L.  Mazo 

Institute  of  Geogrc^y 
USSR  Acadeny  of  Sciences 
Mcdscow,  USSR 

V.V.  Mikhailichehko 
Head 

Northern  Sea  Route  Administration 
USSR  Ministry  of  the  Merchant  Marine 

D.A.  Mirzoev 

All-Union  Research  and  Design 
Institute  for  Offshore  Oil  and 
Gas  Recovery  (VNIPImomeftegaz) 
Moscow,  USSR 

N.M.  Osipenko 

Institute  for  Problems  in  Mechanics 
USSR  Academy  of  Sciences 
Moscow,  USSR 

V.V.  Pasyrikov 

Arctic  and  Antarctic  Research 
Institute 
Leningrad,  USSR 


K. N.  SMdiinek 

Leningrad  State  Technical  IMiversi^ 
Leningrad,  USSR 

A. A.  Shmatkova 

Institute  for  Problems  in  Mechanics 
USSR  Academy  of  Sciaxss 
Moscow,  USSR 

V.  M.  SI^>akov 
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vm.  ASEMA 


nCRKSBOP  CN  ZCB  MBCSMIICS  AND  ITS  AFFLICaaiCMS 


Each  uoridng  day  the  sessions  were  held  in  two  tine  blocks.  The  first  block 
occurred  in  the  naming  ususdly  between  09:30  and  13:00,  followed  by  a  lunch 
hresdc,  with  the  second  block  starting  at  15:00. 


Ij. 


■TONE  V 


10:00  -  11:00 
^)eaicers: 


OPENIN5  OF  WCBKSEPP 
Introduction 

K.V.  Frolov,  Vice  President,  ASUSSR 
D.M.  Klinov,  Oorresponding  Member,  ASUSSR; 

Oirector,  Insticute  for  Problems  in  Mechanics 
W.F.  Weeks,  Member  U.S.  National  Acaden^  of  Engineering; 
Professor  of  Gec|hysics,  Geophysical  Institute; 
university  of  Alaska  at  Fairbanks 
V.V.  Mikhailichenko,  Head  of  Northern  Sea  Route 
Administration,  USSR  Ministry  of  Merchant  Marine 


ll:00  -  11:30 
Speaker: 


Mathanaticed.  Modeling  of  Large-Scale  Floating  Ice  Motion 
S.S.  Grigorian 


11:30  -  12:00 
Speaker: 


Interrelations  Between  Growth  Conditions,  Sea  loe  Structure,  and 
Sea  Ice  Properties 
W.F.  We^ 


12:00  -  14:00  Lunch 


MBCHANICaL  IROPERnES  OF  ICE.  DEFCBMAnCN  AND  IRACTDRE. 
Chairs:  S.S.  Grigorian  and  W.F.  Weeks 

14:00  -  14:30  Deformation  and  Fracture  of  loe 

^)eakers:  R.V.  Goldstein,  V.P.  Epifanov,  and  N.M.  Osipenko 
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14:30  -  15:00 


nacture  Behavior  and  Size  Effect 


Speaker:  J.P.  DoDqpsey 


15:00  -  15:30 


speakers: 


Crack  Propagation  in  loe  Cover  under  the  Action  of  Moving  Moraal 
Load 

A.V.  Pushkin,  L.I.  Simian,  and  A.N.  Zlatin 


15:30  -  16:00  Break 


OiEdrs:  N.S.  Solosenko  and  A.D.  Kerr 


16:00  -  16:30 


^)eaker: 


Modeling  the  Brittle  Cco^tressive  Failure  of  Ice:  Possibilities 
and  Implications 
W.A.  Nixon 


16:30  -  17:00 
^)eakers: 


On  the  Question  of  Physical  Properties  of  Sea  Ice 

V,A.  Borodkin,  V.P.  Gavrilo,  S.K.  Kovalov,  G.A.  Lebedev,  and 

V.V.  Pasynkov 


17:00  -  17:30 
^leaker: 


Prediction  of  the  Mechanical  Propa±ies  of  Ondeformed  First-Year 
Sea  Ice  IXiring  the  Growth  Season 
G.F.N  Oox. 


TUESDAY.  JUNE  18 


ICE  OGVER  MBCSANZCS 
Chclirs:  L.I.  Simian  and  D.E.  Nevel 


09:30  -  10:00 

^3eaker: 


Bearing  Capacity  of  Ice  Covers  subjected  to  Static  and  to 
Oscillatory  Loads 
A.D.  Kerr 


10:00  -  10:30 
Speakers: 


Problans  Related  to  the  Static  Strength  of  Ice  Cover 
B.G.  Korenev  and  E.B.  Koreneva 


10:30  -  11:00 


%)eaker: 


The  Mechanics  of  Pressure  Ridge  Building  from  a  Wide 
Viscoelastic  Plate 
N.D.  Ooon 
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11:00  -  11:30 


Break 


Cliedrs:  G.A.  Lebedev  and  G.F.N.  Gooc 

11:30  >  12:00  Mtuericza  Simulation  of  tba  Drift  of  a  variable  Piicknese  loe 
Cover  in  the  Arctic  Ocean 
S|»aker:  S.A.  Kolesov 

12:00  -  12:30  Sea  Ice  Dynamic  Models 

^)eaker:  R.S.  Pritchard 

12:30  -  13:00  A  Model  of  Drift-Ice 

^)eaker:  A.V.  Marchenko 

13:00  -  15:00  Lunch 

ICE  LCAD8 

Chairs:  N.G.  Khxrapaty  and  R.L.  Brown 

15:00  -  15:30  The  Ice  Research  Programs  and  Bq>erimental  Pacilities  of  the 

Krylov  Ship  Research  Institute 
Speaker:  V.M.  Slt^iakov 

15:30  -  16:00  Probabilistic  Ice  Forces 

^leaker:  D.E.  Nevel 

16:00  -  16:30  Simulation  of  Ice  Loads  on  Ship  Hulls  and  Off-Shore  Structures 

Speakers:  (D.E.  Kheisin) ,  V.A.  Kurr^osnov,  and  V.A.  LUdicoanov. 

16:30  -  17:00  Ice  Loads  on  Structures  -  A  Case  Study 
l^seaker:  A.T.  Wang 

17:00  -  17:30  The  l&thanatical  Modeling  of  Ice  Interaction  with  Vertical  Piles 
^jeakers:  D.G.  Matskevitch  and  K.N.  Shkhinek 
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cultural  Program 


TOURSCAY.  JUNE  20 


ICE  LOADS 

Chedrs:  V.M.  Shpakcv  and  M.D.  Ooon 


09:30  ->  10:00  Zoe  Loads  on  OCf-Shors  Structures  (imestlgaticns  of  tbs 
Leningrad  State  Technical  university) 

Speakers:  G.V.  Simakov  and  K.N.  Shkhinek 

10:00  -  10:30  Dynamic  loe-Structure  Interaction  During  Indentation  Tests 
^)eaker:  D.S.  Sodhi 


10:30  -  11:00 
^)eaker: 


Study  of  Ice  Action  on  Offshore  Structures 
N.G.  Khz^paty 


11:00  -  11:30  Break 


Chairs:  G.V.  Simakov  and  S.  Shyam>Sunder 


11:30  -  12:00 
%)eakers: 


A  Stiip  in  an  Ice  Ocver  Under  Ocnpression 

R.V.  Goldstein,  V.I.  Danilehko,  P.  KUjala,  N.M.  Osipenko, 

and  P.  Varsta 


12:00  -  12:30  Iceberg  impact  Pressure  and  Force  Design  cariteria  for  Fixed 
Platforms 

^peeOcer:  A.  Prodanovic 


12:30  -  13:00 
l^)eakers: 


Dynamic  Ice-Flexible  Structure  interaction  Phenaaanon 
S.A.  Vershinin,  A.A.  Iliac^,  and  A.B.  Below 


13:00  -  15:00 


Lunch 


MBCSANIC»L  HtOPERTIES  Of  ICE:  DEEOQfmCM  MD  HaCiaRB 
Ctiedrs:  R.V.  Goldstein  and  J.P.  Denpsey 


15:00  -  15:30 
^leakers: 

15:30  -  16:00 
S{)eaker: 

16:00  -  16:30 
speaker: 

16:30  -  17:00 


17:00  -  17:30 
Speaker: 

17:30  -  18:00 
^leaker: 

FRTDAY.  JUNE  21 


09:30  -  10:00 

Speakers: 

10:00  -  10:30 
^}eaker: 


Investigation  of  loe  and  Clatbrata  Cbaxactaristies 
V.P.  Larionov  and  E.A.  Bondarev 

Harhnnical  Prqperties  of  Sea  Zoe:  laboratory  SHperiaeots 
J.A.  Rlchter-Menge 

Socaa  Reoent  Oevelofnents  in  Esperiaental  Zoo  Mnrhnnlm  at  GRROi 
D.M.  Cole 

Break 


Chairs:  S.A.  Vershinin  and  W.A.  Nixon 

Kodelling  the  Oonstltutlve  Properties  of  Sea  Zoe  single  crystals 

R. L.  Brcwn 

Mtnericad  Models  of  Zoe  Oefonnaticm 

S.  Shyant-Sunder 


ICE  MBCBAMICS:  VBRIODB  PRGBLBS 
Chairs:  V.P.  Larioiov  and  D.S.  Sodhi. 

Defoxnating  of  Ice  under  Influence  of  Coning  to  Surface  Rigid 
Body 

V. M.  Alexandrov  and  A.A.  ShnatJcova 

Field  Measuranents  of  Pack  Ice  Stresses 

W. B.  Tucker,  III 


10:30  -  11:00 
^>eaker: 


Ice  Island  Structures  for  Exploration  Drilling 
O.A.  Mirzoev 


26 


U:00  -  11:30 


Break 


Chairs:  K.N.  Shkhinek  and  A.T.  Wang 


11:30  -  12:00 
Speaker: 


Instability  and  Self-Organization  of  loe  Sheets 
V.L.  Mazo 


12:00  -  12:30 


^seaker: 


Sea  loe  Mechanica  in  the  Oontext  of  United  States  Arctic  Marina 
Basic  Researcdi 
T.B.  Curtin 


12:30  -  13:00  Definition  of  the  Regime  on  Offshore  Structures  frcn 

Drifting  Ice  Oovers 

^)eaker:  A.T.  Bekker 


13:00  -  15:00  Lunch 


DISCUSSICH 


15:00  17:00  Education  and  Placement  of  Cold  Region  Engineers 

Speakers:  J.P.  Dettpsey,  N.G.  Khrapal^,  W.A.  Nixon,  K.N. 

Shkhinek,  S.  Shyam-Sunder,  G.V.  Simakov,  L.I.  Slepian, 
and  P.  Varsta 


17:00  -  17:30 


CLOSING  OF  IBB  lORKSaOBP 

Conclusion 


Saa?0RDMf.  30NE  22 

Evening:  D^>arture  from  Moscow  to  Leningrad  by  train 

SaNDAI-TOESDMf.  JUNE  23-25 

Visit  to  Leningrad  Institutes 

•  Arctic  and  Antarctic  Research  Institute 

•  Krylov  Ship  Research  Institute 

•  Leningrad  State  Technical  Ikdversity 

•  Leningrad  State  Technical  university  of  Ocean  Technology 
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Evening:  Departure  from  Leningrad  ty  tredn 


Oe^:  Oq>arture  from  the  USSR 

(Several  participants  d^>arted  via  St.  Petersburg.) 


V.1I.  AleoQuidrov  and  A.A.  stnatkowa 
Xnatituta  far  Froblans  in  Itechanlca 
USSR  Acadeny  of  Sciences/  HosooW/  USSR 


DEFCRMAXnO  OF  ICE  UNDER  INFUIE3CE  CP  OCMDIS  TO  SURFACE  RIGID  BOGV 

Defoanmiiig  of  ioe  by  cxming  to  surface  rigid  bocfy  has  been  studied.  Ihe 
problem  of  this  kind  may  appear,  for  exanple,  vinmi  protecting  hydrotechniczQ. 
cxinstriictions  from  the  influence  of  an  ice  cover,  because  the  mechanical 
destructioi  of  ice  with  the  help  of  rigid  shiplifting  pontoon  may  be  one  of  the 
methods  of  protecticxi. 

The  contact  problems  for  the  plates  lying  on  the  hydraulical  base  in  the 
conditions  of  the  cylindrical  bend  are  oc^idered.  The  plate  is  influenced  by  the 
smooth  rigid  stanp,  vhich  is  pressed  by  the  force  firm  the  side  of  liquid.  The 
base  of  the  stamp  is  described  by  the  equation  y=f(x),  vhere  f(x)  is  an  even 
functicKi.  Side  by  side  with  the  general  case  particular  exanples  are  considered: 
vhen  f  (x)=  -c*x,  (oo)  is  an  exact  analytical  solution  of  the  problem  is  received, 
\ihen  f(x)=  -c*x  solution  is  received  with  the  help  of  gre^iiic-analytical 
exploration.  The  method  of  the  solution  is  written  and  the  program  of  the 
numericcil  recilizaticxi  of  the  problem  is  made  vp  for  the  general  case,  when  f  (x) 
is  an  arbitrary  even  function. 

Different  kinds  of  the  physical  picture  of  the  prc^lem  are  considered  in  the 
d^)endence  on  changing  of  the  introduced  dimensionless  parameters,  connected  with 
bending  rigidity  of  the  ice  plate,  coefficient  of  the  bed  of  the  base,  the  density 
of  ice,  and  free-fall  acceleration.  C3cnplete  solution  is  written  and  restrictions 
a3:e  imposed  on  the  dimensicmiless  parameters.  The  limits  of  changing  of  the  value 
of  the  buoyant  force  in  the  d^iendence  on  changing  of  the  physical  characteristics 
of  the  ioe  plate,  hydraulically  based,  and  the  farm  of  the  ocming  to  surface  bo^ 
are  given. 

The  next  cases  of  a  cxMitact  are  e>q>lored  in  detail:  1)  there  is  a  contact 
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betwe^  the  ocning  to  surface  body  «und  the  ice  plate  at  same  section,  further 
there  is  the  section  of  the  ice  plate,  which  has  no  contact  with  the  hydraulical 
base  and  then  the  section  wh;re  the  plate  is  lying  on  the  hydraulical  base;  2} 
there  is  a  contact  between  the  coming  to  surface  boc^  and  the  ice  plate  at  some 
finite  section  and  then  there  is  a  contact  between  the  plate  and  the  base;  3) 
\di£n  the  section  of  the  contact  between  the  coming  to  surface  body  and  the  plate 
is  turning  practically  into  a  point. 

Ihe  eo^jression  for  the  bending  moment  is  written  and  the  cross-sections 
where  the  bending  moment  achieves  the  maximum  absolute  values  are  shown. 

The  results  of  the  work  may  be  sued  for  the  calculation  of  the  capacity  of 
pontoon,  providing  breaking  of  ice  covers.  The  corresponding  axisymnetric  problem 
may  be  studied  in  the  same  way. 
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JUT.  Pekkar 

Civil  Engineering  Departnsnt 
nur-Eastem  Polytacfanical  Institute 
Vladivostok^  USSR 

OEFlNinCIl  OF  THE  LCADINS  RBCUME  ON  GETSBCItB  gHOICl’URES 
ISOM  DRIFTIMS  ICE  OCVBtS 

Ihe  designers  of  offshore  ioe-resistam.  structures  in  ioe  covering  seas  need 
infanoation  not  only  about  the  extreme  ice  forces  but  about  the  middle  values  too. 
Also  one  needs  information  about  the  ice  force  variance  during  life  time  for 
structures  and  their  element  reliabilil^  aneilysis. 

This  problem  may  be  solved  by  modelling  of  ice  force  as  a  stochastic 
process.  Investigation  of  process  parameters  with  the  help  of  physical  modelling 
is  difficult  and  needs  a  long  time  to  work.  So  it  is  clear  to  use  the 
mathematical  mode  good  way.  The  method  of  statistic  modelling  theory  was  used 
oonsidering  the  stochastic  nature  of  main  parameters  change  which  influences 
drifting  ice  cx3ver*-structure  interaction.  An  imitation  model  of  ice  force  action 
in  time  was  devel<oped  on  the  basis  of  the  mathematical  model  of  failure  proc^ess 
at  cxxitact  surface  and  statistical  data  about  ica  regime  parameters  in  situ. 

The  prcpcaed  model  gives  an  opportunity  to  recaive  the  ioe  force  as  a 
stcxdiastic  prxxass  or  einother  words  with  xnain  force  characteristics.  In  the  case 
of  e^lication  of  a  simplified  model  of  ice  failure  process  one  can  estimate  the 
ica  forca  distributicxi,  number  of  cycles  and  other  parameters  as  stochastic 
values. 

The  given  information  may  be  expressed  as  histograms  of  ica  parameters 
distributicxi  or  as  time  curves  of  stochastic  V2dues  with  their  ^probability 
characteristics . 
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V.X.  Borodkin,  V.P.  Gavrilo,  8.K.  Kovalov,  G.A.  Lebedev,  and  V.V.  Fasynkov 
Arctic  and  Antarctic  Research  Institute 
Ledoingrad,  USSR 


CM  THE  QUESnCN  OF  1!HB  FBX5IC3VL  FRaPEXtTIES  OP  SBi  ICZ 

Sgatial  orientation  of  cxystallin  structures  of  sea  ioe  characterized  by  the 
degree  of  order  of  principal  optic  axis  in  its  azimuth  position  due  to  the  effect 
of  currents  are  widely  distributed  both  in  fast  and  pack  ice  in  pslar  regions, 
laboratory  studies  and  full-scale  reseeuxh  of  sea  ioe  show  that  due  to  permanent 
flows  under  the  ioe  the  crystals  of  fibrous  stmctures  aqpire  to  fill  a  position 
at  which  their  principal  optic  axis  beccnes  parallel  to  the  direction  of  flow. 
As  a  result,  the  ^etially  ordered  azimuth  orientation  of  crystals  that  stipulates 
anisotropy  of  physical  prcportion  of  sea  ioe  is  created  in  ioe  fields. 

Hie  mechanical  characteristics  of  sea  ioe  sanples,  obtained  experimentally 
by  the  technique  reocmnended  by  the  Ioe  CTcranittee  of  International  Assooiation  for 
Hydraulic  Research,  have  been  analyzed.  A  relationship  has  been  found  between  the 
ioe  strength  at  uniaxial  oonpressicxi  and  the  direction  of  load  education 
(structural  anisotropy) .  The  strength  of  ioe  with  fibrous  structure  changed 
within  30%  of  the  maximum  value  oorresponding  to  the  direction  of  load  education 
along  the  principal  optic  axis.  An  analogous  dependence  has  been  obt£dned  also 
for  the  rate  of  distribution  of  longitudinal  waves  in  ioe  sanples. 

The  e^qjerimental  studies  on  electric  characteristics  of  sea  ioe  in  the 
micrewave  range  have  also  revealed  a  considerable  anisotropy  of  specific 
attenuation  of  electromagnetic  waves  and  the  index  of  refraction  for  ioe  of 
different  t^pes  and  age. 

The  changes  in  these  values  d^^ending  cn  the  turning  angle  of 
electromagnetic  field  intensity  stress  vector  relative  to  the  dominating  direction 
of  principal  cptic  axis  of  oriented  crystals  are  rather  considerable:  they  amount 
to  70%  and  10%  of  maximum  value  respectively. 
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Thus,  a  OGnparative  analysis  of  strxicture,  physlcx>^iiechaniccil  and  electxical 
characteristics  obtained  for  the  same  ioe  saioples  alloMod  one  to  be  oonvinoed  in 
not  only  close  interrelation  between  the  above  parameters,  but  also  to  give  its 
quantitative  estimation.  The  results  obteined  gave  the  grounds  to  believe  that 
anisotropy  of  physical  properties  is  to  be  taken  into  account  when  solving  applied 
problems,  particular,  when  iicproving  the  methods  for  numerical  estimation  of 
interaction  forces  between  sea  ice  cover  and  engineering  stnxteres. 
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R.L.  BEOHn 

dvil  Bnginoering  and  Engineering  Mechanics  Departnent 
Mantana  State  university,  Bozeman,  MF  USA 


MQOELLINS  THE  OClMTlTUriVE  IBUPaOIES  OP  SEA  ICE  SIMSLE  CRXSXAU 

Little  is  loiown  about  the  irportanoe  of  intracrystalline  defccmaticnal 
processes  as  oco|)ared  to  intercEyst2dline  processes  for  determining  the  mechaniced 
properties  of  polycxystedline  ice.  This  is  particularly  true  for  sea  ice,  since 
the  presence  of  brine  may  have  a  sigrdficant  effect  on  both  of  these  processes. 
This  effects  are  not  yet  well  understood. 

In  order  to  obtain  a  better  understanding  of  the  role  of  intracrystalline 
deformation  processes,  a  study  involving  both  analytical  modelling  and  labaratory 
testing  was  undertaken.  First  the  defcamaticn  of  single  nonsaline  ice  crystals 
was  described  in  terms  of  dislocation  stredns  on  a  discrete  set  of  dislocation 
systans  involving  the  basal,  prism,  and  pyramidal  planes.  Crack  damage  effects 
were  not  initially  included,  since  cnly  Icw-to- intermediate  strain  rates  were 
considered.  Calculated  results  shewed  realistic  material  behavior  for  creep 
strains,  delayed  elastic  strains,  stress  response  to  prescribed  strain  rates,  and 
stress  relaxation.  For  sea  ice  single  crystals  an  additional  deformaticn 
mechanism  due  to  the  platelet  substructure  of  sea  ice  was  added  to  those  alreEdty 
determined  for  nonsedine  ice.  This  additional  effect  was  represented  as  a  ensiled 
slip  process  on  the  basal  plane  due  to  the  viscous  interplatelet  slip  in  the  brine 
layers  separating  the  platelets  and  the  dislocation  strains  occurring  in  the  ice 
inclusions  vAiich  connect  many  of  the  platelets.  Calculated  results  showed  that 
this  additional  mechanism  can  potentially  have  a  significant  effect  on  the 
material  properties. 


A  series  of  constant  strain  rate  tests  on  single  sea  ice  crystals  and 
nonsedine  single  crystals  were  ocmpleted.  These  tests  provided  a  preliminary 
oonparison  of  the  properties  of  these  two  single  crystal  materials.  The  results 
shewed  that  under  constant  oonpressive  strain  rates,  the  peak  stress  reached  with 
the  nonsaline  ice  was  almost  an  order  of  magnitude  hic^ier  than  for  the  sea  ice. 
The  stea^  flow  stress  was  rou^y  three  times  as  large.  These  differences  in  the 
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properties  of  saline  and  nonsaline  single  ca:yst£Qs  appear  to  be  larger  than  for 
polycxyst2Q.line  ioe,  thereby  suggesting  that  intracrystalline  effects  may  not  be 
the  predominant  processes  uhich  determine  the  properties  of  polycrystalline  ice, 
either  nonsaline  or  sedine. 

Current  work  involves  more  detedled  testing  of  single  crystals  over  a 
tenperature  range  of  -l(fc  to  -4<fC.  These  tests  should  provide  a  better 
understanding  of  the  deformation  mechanisms  vhidi  determine  the  properties  of  sea 
ice  crysteOs.  Work  is  also  continuing  on  the  anedytical  modeling,  where  more 
oonprehensive  descriptions  of  the  dislocation  c^namics  are  being  studied. 
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D.I1.  Ool* 

U.8.  Axny  cold  Region  Researdi  and  Engineoring  Labacatoty 
nmovar,  m  CBR 

SOME  RECENT  DEVELOanfENCS  IN  EEPraZNEHZAL  ZCB  MBCSaNICS  AT  CRREL 

Ihis  talk  focuses  on  two  general  aspec±s  of  eaqperinenteQ.  ice  nachanics  that 
are  curraitly  voider  investigation  at  the  U.S.  Amy  Gold  Regions  Research  and 
Engineering  laboratory.  The  first  is  the  response  of  various  types  of  ioe  to 
folly  reversed  (i.e.  alternating  tension-oarpression)  uniaxial  stresses.  The 
unigue  epparatus  developed  to  grip  the  specimens  rigidly  in  the  testing  machine 
is  described,  eiperimental  results  are  presented,  and  the  influence  of  stress, 
heqviaicy,  temperature,  and  microstructure  on  the  internal  friction,  and  inelastic 
strain  are  examined  from  a  micrcnechanicedL  viewpoint. 

Additionally,  a  newly  developed  system  for  performing  pulse-echo  esperimarts 
on  ice  at  frequencies  near  2QkHz  is  presented,  cQong  with  results  obt2dned  on 
large  ice  single  crystals.  These  results  are  discussed  in  terms  of  the  proton 
rearrangement  mechanism  of  internal  friction. 
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THE  MBCSANIC8  OP  SBESSORB  RIDGE  BDIIDIiB 
IRON  A  mSB  VISOGGIASTIC  KATE 

Recent  measuresients  of  sea  ioe  stress  associated  with  ridge  tuilding  and 
time  dependent  analysis  of  lead  ioe  indicate  that  a  vide  plate  analysis  of  young 
ice  may  help  determine  ridge  building  forces.  These  farces  are  important  in 
large-scede  ioe  c^namics  in  that  they  will  control  the  large-sc8d.e  stress. 
Therefore,  they  are  also  of  impcrtanoe  in  determining  the  loekds  on  structure  if 
the  concept  of  limited  driving  force  is  e^Sopted. 

In  this  paper,  the  ice  in  a  lead  is  treated  as  a  linear  viscoelastic 
material  and  the  expropriate  bending  ecpjations  for  a  uniform  thickness  plate 
loaded  on  two  edges  are  developed.  These  time-dependent  differential  equations 
are  solved  to  determine  the  failure  load  of  the  plate  for  various  rates  of 
loading.  The  results  will  depend  on  elastic  or  viscous  properties  of  the  young 
lead  ice.  The  expropriate  properties  are  those  for  a  plain  strain  analysis  and 
the  appropriate  properties  emerge  from  the  analysis.  Tanperature  variation 
throu^  the  thickness  of  the  plate  is  oonsidered  in  relation  to  the  mechanical 
properties.  situ  and  laboratory  e}X}eriments  to  determine  that  appropriate 
mechaniced  properties  are  discussed. 

The  failure  loads  for  lead  ice  are  used  to  examine  possible  fooulations  for 
large-scale  sea  ice  strength.  This  strength  would  be  eppropriate  for  use  in 
geophysical  scale  ice  dynamics  modelling.  The  results  are  edso  used  to  interpret 
the  maximum  time  dependent  forces  vhich  can  be  transmitted  through  an  ice  cover. 
The  same  stresses  are  avedlable  to  load  offshore  structures  in  Arctic  waters. 
Where  expropriate,  measured  sea  ice  stresses  and  mechanical  properties  are  used 
or  ooopared  with  the  cedculated  values  presented  in  this  pap&c. 
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Aaooo  VKOduction  Ocoimudy 
Tulsa,  CK  VSA 

PSEXaCIION  OF  THE  MBCBANICAL  IROPBCIZES  OP  OIDeFCRMH)  FZRST-IOBMK 
SEa  ICS  DOKDIS  THE  GRCmB  SB^SOH 

A  model  has  been  developed  to  predict  the  ocnposite  mechanical  properties 
of  a  growing  first*Year  sea  ice  sheet.  The  model  as5ajmes  a  linear  tenperature 
profile  and  considers  the  energy  balance  at  the  ice  surface,  initial  sedt 
entrsqpnent,  brine  drainage,  and  suction.  Estimated  sadinity  profiles  are  in  good 
agreement  %idth  natural  profiles.  Although  the  tenperature  and  szdinity  profiles 
depend  on  the  time  of  year  when  ice  growth  is  initiated,  the  resulting  brine 
volume  and  mechanical  properties  are  unique  functions  of  the  ice  thidoess.  These 
results  provide  justification  for  parametrizing  the  mechanical  behavior  of  pack 
ice  on  the  basis  of  an  ice  thickness  distribution. 

The  tenperature  and  brine  volume  profiles  are  utilized  to  calculate  ice 
strength  and  elastic  modulus  profiles  vhich  characterize  the  ocnposite  mechanical 
properties  of  the  ice  sheet.  Significant  differences  are  found  between  the  ice 
sheet  properties  calculated  using  the  ocnposite  plate  theory  developed  by  Assur, 
and  the  properties  calculated  frcm  uniform  plate  theory  using  average  ioe 
properties.  This  is  particularly  true  for  thin,  young  sea  ioe  sheets. 
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Off  io«  of  MKval  Pamearcai 
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SEA  ICS  KBCHBNICB  IM  THE  CONEEXT  OP  D.S.  ARCTIC  MARIMB  BASIC  BESraBCH 

The  interests  and  efforts  of  federal  agaicies  in  Arctic  marine  basic 
research  are  reviewed.  Within  this  ccntext  current  and  future  activities  related 
to  air-ioe-ocean  interacticn  are  discussed.  T\dD  sea  ice-related  initiatives  are 
described  in  det2dl:  lead  c^namics  and  sea  ice  mechanics. 

Lead  c^/namics  focuses  cn  local  oceanic  and  atnc^heric  heat  flux  processes, 
new  ice  formation,  and  regional  fracture  distribution  in  re^xxise  to  forcing.  Sea 
ice  mechanics  addresses  constitutive  relations  and  fracture  mechanics  in  the  scale 
range  from  a  few  centimeters  to  a  few  kilometers  with  scEd.e  interrelationships  a 
primary  issue.  Both  modelling  and  field  observations  are  outlined. 
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nociusB  BmyioR  lagy  size  dtect 

This  wDEkshop  presantation  will  focus  on  the  following  topics: 

-  the  laboratory  scale  teu±ure  behavior  of  sea  ioe; 

-  the  effects  of  microstructure,  tenperature,  sedinity,  and  porosity 
on  the  fracture  bdiavior  of  sea  ice; 

-  the  nature  of  crack  nucleation,  initiation,  and  propagation  in  sea 
ice; 

->  specimen  size  effects:  the  determination  of  fracture  behavior  of 
sea  ice  at  the  structural  scsdes  -  with  the  associated  tenperature 
and  salinity  gradients  -  from  laboratory  scale  behavior. 

At  the  laboratory  scale,  the  issue  of  notch  sensitivity  and  brittleness  of 
the  test  fedlxire  is  used  to  forecast  the  necessary  ^lecimen  size  for  a  mat-iwiai 
property  initiation  toughness;  a  methodology  has  been  developed  suitable  for  edl 
test  geometries.  The  scatter  in  the  fracture  touchiness  values  reported  in  the 
literature  is  partially  aooounted  for  by  examining  the  requisite  notch  acuity  or 
crack  tip  sharpness.  The  mechanics  and  physics  of  crack  nucleation  and 
propagation  in  sea  ioe  is  closely  related  to  the  topic  of  crack  growth  stability. 
Closely  related  to  this  subject  are  concerns  such  s:  under  \diat  ocnditions  (if 
at  all)  does  a  crack  in  ioe  remain  atomically  sharp,  and  under  fdiat  conditions 
will  blunting  take  place?  If  crack-tip  blunting  occurs,  or  if  blunting  does  not 
occur  but  fracture  reinitiation  requires  a  larger  energy  release  rate,  %diat  are 
the  underlying  mechanisms,  and  idiat  are  the  most  £pplicable  concepts  of  fracture 
mechanics?  Inf ormaticn  related  to  the  above  jg-gieg  are  of  fundament2d  inportanoe 
to  epplications  involving  the  fracture  of  ioe  and  the  fracture  of  quasi-hrittle 
materials  in  genered. 

An  exact  quantification  of  the  fracture  process  in  sea  ice  is  made  difficult 
by  the  ocupled  interaction  of  three  major  factors:  polycrystallinity,  hi^ 
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tagperature  hrittlo’iess,  and  rate  effecrts.  Fcac  instance,  in  terms  of  tensile 
fracture  and  fracture  testing,  there  appear  to  be  two  options  available: 


>  ipgrade  the  size  of  all  ggecimen  gecnetries  until  the  notch 
sensitivity  and  brittleness  is  such  as  to  aisure  the  applicability  of 
linear  elastic  teK±ure  mechanics; 

-  adopt  the  principles  of  nonlinear  fracture  mechanisms  and 
concartrate  on  the  associated  touchiness  parameters,  testing  sub-size 
specimens. 


Ihe  first  option  indll  sisply  not  be  viable  for  oert2dn  t^pes  of  ice  and 
certain  specimen  geometries  unless  cne  is  to  plan  large-scale  tests.  Concerning 
the  second  option,  size  effects  on  several  fracture  parameters  and  the  use  of 
nonlinear  fracture  mechanics  has  cdreac^  received  considerable  attention  for 
materials  such  as  concrete  and  rock;  nuch  work  is  needed  on  this  topic  for  sea 
ice. 
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P.  vnrsta 

Helsinki  university  of  Tedmology,  Helsiidcl,  Finland 

A  SEEP  ZM  AM  ICE  COVER  UNDER  OCMZRESSICSI 

Results  and  pcelininazy  theoretical  analysis  of  model  tests  ocnducted  to 
study  a  ship  in  ocnpressivc  ioe  are  presented.  Ihe  investigation  fonns  a  part  of 
a  joint  research  project  between  Helsinki  university  of  Technology 
(HUT)  /laboratory  of  Naval  Architecture  and  Marine  togineering  and  the  USSR  Academy 
of  Scienoe/Institute  for  Problems  in  Mechanics. 

The  tests  are  carried  out  in  the  HUT  ice  model  basin.  The  total  number  of 
tests  is  54  with  two  ice  thickness  and  including  tests  in  level  ioe,  channel, 
ocnpressive  level  ioe  and  oamressive  channel.  Towing  foroe,  ^leed  and  maxinal 
oonpressive  foroe  ag^dnst  port-side  are  reoorded.  The  resistance  in  the 
ocnpressive  channel  can  be  twice  as  large  as  resistance  in  level  ioe  at  low  speed. 

E}g)erimental  results  anedysis  led  to  mechanical  model  of  a  vertical  wall  and 
icse  platen  interaction.  In  a  steady  regime  the  interaction  zone  is  divided  into 
two  parts:  the  region  of  direct  mechanical  contact:  of  the  wedl  and  ice  platen, 
and  the  region  where  the  contact  takes  place  only  through  &acture  products. 
Introducing  governing  equations  for  intermediate-layer  material  it  is  derived 
relation  for  ioe  pressure  on  the  wall  (ship  hull)  in  dgoaidence  ocnpression 
level  and  wall  moticm  ^}eed.  The  results  of  calculations  are  in  cxxisent  with 
experimental  cSata. 
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DBEOanilON  AID  ntACIURB  CF  ICS 

loe  defonnation  and  fractxire  is  oonsidered  as  a  set  of  mutually  connected 
and  interdependart  processes  in  various  scales  taking  into  account  ice  structure, 
strain  rate,  and  taiperature  influence.  Ihere  are  d1scM5«sfld  mainly  results  of  the 
investigations  of  l)  defamation  and  acoustic  emission  ofaservation  for 
mioxooracking  and  2)  fracture  in  the  presence  of  cracks  or  cracklite  defects. 

There  are  suggested  some  hierarchical  strxictural  models  describing 
interoonnecticn  1)  macrodeformation  and  microfracture  parameters  and  2) 
macrofracture  toug^iness  (and  macro  huttmok  resistance)  with  deformation 
ciaracterlstics . 

Ten{)erature-strain  rate  depondences  for  ice  deformation  and  fracture 
parameters  are  discussed. 

There  are  demonstrated  some  ways  for  using  established  regularities  in  the 
solution  of  ^plied  problems  including  a  problem  of  ice  and  ice  cover  interaction 
with  stnx±ures  and  icebreakers,  and  a  problem  of  engineering  glaciology. 
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(Abstract  not  available) 
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BEMCcm  CAEAcm  OP  icz  oamia  sobjbcied  to  pdoic 
MD  oscmjooey  loads 

Eearly  eaopirlcal  methods  for  the  detennination  of  the  bearing  caqpacity  of 
floating  ioe  plates  that  are  subjected  to  static  car  quasi-static  loads  of  short 
duration. 

Bearing  capacity  anedyses  that  utilize  the  elastic  theory  of  plates. 
Analyticad  failure  criteria.  Discussion  of  the  governing  differential  equations 
for  norhcnogeneous  plates.  Effect  of  the  nonhomogeneity  of  the  distribution  of 
bending  stresses,  and  its  effect  on  the  use  of  the  aumon  stress  failure 
oriterion.  Sinplification  of  the  analyticzd  results  and  their  oooparison  with 
corresponding  eopressions  of  the  aipirical  methods. 

Presentation  and  discussion  of  test  results  on  bearing  capacity.  U^per  and 
lower  bound  criteria  for  eigineering  ^plications.  Qxparison  of  analytical 
results  with  laboratory  and  field  test  data.  OoDinents  to  the  determination  of 
and  ar,  the  failure  stress. 

carrying  cecity  of  ice  covers  subjected  to  loads  of  long  duration.  Review 
of  analyticed  attenpts.  Field  and  lab  findings.  Drop  of  carrying  cepaclty  with 
progressing  time.  Discussion  of  needed  analyses.  Choice  of  proper  constitutive 
relations.  Failure  criteria. 

Bearing  cepaclty  of  ice  covers  subjected  to  oscillatory  loads.  Ice  cover 
fatigue.  Description  of  recent  tests  and  presentation  of  reomit  test  results. 
Planned  test  program  for  ice  cover  fatigue  and  recovery. 

Conclusions  and  reconnendations. 
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SlMQEAnCN  GF  ICS  LOADS  ON  SHIP  HDTXS  AH)  GSSSBORB  SlBOCaBRBB 

1.  The  interacticxi  of  the  ship's  hull  and  the  ioe  is  ocnsidered  as  a  randoa 
process  with  a  large  number  of  random  vzdues  with  ocnplex  ocrrelatlcn 
relationships.  To  construct  a  joint  function  of  the  distribution  of  these  values 
and  to  obtain  thus  a  function  of  the  ice  load  distribution  appears  to  be  actuedly 
impossible.  Ihe  modelling  of  the  interaction  can  be  made  by  means  of  the  Monte 
carlo  method. 

2.  Ihe  modelling  of  the  interaction  between  the  ship's  hull  and  the 
offshore  stiructure  and  the  ice  is  carried  out  according  to  the  standard  scheme: 

Random  ice  A  model  of  interaction  Randan  ice 

conditions  (deterministic)  loads 

As  a  result  of  the  modelling  the  distribution  functions  of  load  parameters 
are  determined. 

The  realization  of  this  scheme  requires  the  following  integral  blocks: 

-  the  data  base  on  the  ice  situation  ^  route  of  the  ship's  motion  or 
at  the  site  cf  the  structure  to  be  established; 

-  reedization  of  the  interaction  conditions; 

-  random  pi^ical-mechanical  ice  properties; 

-  calculation  of  the  ice  load  realization; 

-  accumulation  of  ioe  load  reedizations  and  procession  of  the 
distribution  functions. 
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3.  The  following  major  problems  can  be  solved  by  means  of  the  statistical 
modelling  of  randcm  ice  loads: 

-  to  determine  the  probability  of  damaging  or  exceeding  the 
prescribed  level  of  the  loads  from  the  results  of  modelling  (risk 
model) ; 

-  to  model  field  trieds  of  the  objects; 

-  to  model  the  ncn-Hmiformity  of  the  loads  with  large  contact  zones. 

4.  To  fulfil  these  goals  requires  additional  models,  vAiich  are  not  the 
models  of  the  interaction  between  the  ship  or  structures  with  the  ice. 

-  a  model  of  the  oonstructicxi  fedlure,  for  the  ships  usually  a 
maxiimmi  permissible  load,  determined  by  a  rigid-plastic  model  is 
assumed; 

-  a  model  of  the  measuring  scheme,  vMch  includes  a  construction 
model  with  the  locations  of  the  sensors  and  data  recording;  in  most 
cases  the  constructicai  model  with  the  scheme  of  the  sensor  location 
can  be  represented  by  a  matrix  of  influence  coefficients,  and  the 
realization  of  the  external  loads  is  reduced  to  the  system  of 
concentrated  forces; 

-  a  model  of  a  random  form  of  the  edge,  vAiich  can  be  obtained  from 
the  "viiite  noise"  by  means  of  the  fanning  filters. 

The  fulfillment  of  these  objectives  will  enable  one  to  estixnate  the 
representativeness  of  the  experiments,  to  interpret  the  data  of  field  trials  in 
the  designing  of  new  constructions,  to  model  the  consequences  of  the  ships  and 
"off-shore  structures"  maintenance  under  ice  ocxiditions. 
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SIIIDY  OP  ICE  ACnON  GN  CCTSBGSE  STRUCTUREB 

The  developoait  of  sea  tran^xsrt  ways  and  e»ploitatlon  of  shelf  zone  of  ioe 
covered  seas  caused  the  CGnc>lex  problem  of  design  and  construction  of  offshore 
stnx±ures  including  ice-resistant  platfanos.  One  of  the  main  problems  is 
estixtatlcn  of  ice  forces  on  offshore  structures.  !Ihese  problems  have  been  studied 
more  than  tMmity  years  long  by  divisions  of  Far  Eastern  Polytechnic  Institute 
aocsording  to  a  i^}ecial  program.  The  main  items  of  this  investigations  are: 

-  stuping  of  sea  ice  properties  as  material; 

-  VKirking  out  and  basis  of  yield  criteria  for  sea  ice; 

-  working  out  of  ei^ress  methods  for  definition  of  yield  characteristics  of 
sea  ice; 

-  theoretical  and  experimental  study  of  drifting  ioe  cover-structure 
interaction; 

-  working  out  of  mathematical  models  ice  cover  failure  processes  at 
structure  contact; 

-  working  out  of  mathematical  models  of  dynamic  ice-structure  interaction; 

-  working  out  of  methods  of  physical  modelling  of  ice-structure  interaction 
and  technical  means  for  this  purposes; 

-  working  out  of  analysis  method  for  ioe  force  regime  definition  during  ice 
cover-structure  interacticxi; 

-  humnock  acticxi  of  offshore  structures; 

-  working  out  of  means  and  devices  for  ice  cover  destruction  and  decreasing 
of  ioe  force. 

The  new  types  of  ice-resistant  structures  were  proposed  on  the  basis  of 
investigations  and  analysis  methods  of  ioe  fcrces  vdiich  are  used  in  designs  for 
e}g>loration  of  carbon  resources  cxi  the  Sakhalin  shelf. 


48 


8.JL  lolMonr 

Urotio  and  Antarctic  Seseardi  Instituta 
lanlsgrad,  USSR 


MOMBaCAL  81M0UTICII  OF  !ISB  ERZFT  GP  A  V»RIABU  1BZCKMESS 
ICE  OGfVER  IN  IBB  ARCTIC  OCERH 

Sea  ioe  velocity  is  determined  ty  balance  of  forces,  such  as  wind  and  water 
stresses;  Oorlolis  force;  currents  and  tides,  caused  by  the  sea  level  inclination 
and  farces  of  the  internal  interaction  of  the  ice  flows  with  each  other  and  with 
the  shores.  By  the  tern  "drift  velocity**  we  understand  in  this  case  he  velocity 
of  the  center  of  masses  of  the  ensemble  of  flews,  distributed  in  the  element, 
linear  dimensions  of  vhich  are  equal  to  the  grid  step. 

Ihe  air  and  water  stresses  can  be  determined,  if  the  integral  effect  of  the 
boundary  layers,  vhich  are  forming  above  and  under  the  ice,  is  known. 

Ihe  maximal  hardships  at  present  time  by  the  numerical  simulation  of  the  ice 
drift  are  caused  by  the  form  of  the  internal  interaction  force  in  the  ioe  cover. 
Ihe  real  ice  cover  is  a  complicated  formation,  ocxttaining  features  of  elastic, 
viscous,  and  plastic  deformations. 

Ihe  notion  of  the  ioe  cover  as  a  viscous  inccnpressible  film  is  a  rather 
simple  e^proach.  Ihe  oombinaticxi  of  the  mcroentum  balance  equation  with  the 
condition  of  inoonpressibility  allows  us  to  write  the  equation  for  the  ice 
pressure  of  the  Poisscxi's  type. 

Ihe  introduction  of  a  paraineter*-threshold  of  compactness  is  an  essential 
peculiarity  of  the  model.  If  the  meariing  of  the  compactness  is  lower  than  this 
threshold,  the  ice  flows  don't  interact  and  the  ice  pressure  in  this  point  equals 
zero.  Ihe  meaning  of  the  speed  divergence  by  the  compactness  being  lower  than  the 
interaction  threshold  differs  frcmi  zero. 

Ihe  governing  equations  of  the  model  include  also  equations  of  evolution  of 
the  ioe  <3over  compactness  arxl  thiokness.  Ihey  can  be  written  in  the  form  for  the 
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general  ccnpactness  and  the  iDean  loe  thldoiess  and  in  the  fora  for  the  partial 
cxaqpactnesses  and  thicknesses  for  the  different  loe  categories. 

Ihe  surface  atnoqpheric  pressure  fields,  initial  fields  of  ocmpartness  and 
thidcness  of  the  ice  are  used  as  initial  data  for  the  calculations. 

Test  of  the  model  was  done  for  an  area  of  3000  x  2800  km  24:proodjoating  the 
Arctic  Ocean  and  the  Arctic  shelf  seas.  Grid  step  was  equzd.  to  200  km,  time  step 
was  equcil  to  600  s. 

Ihe  charts  of  the  drift  of  the  autcnaticeO.  buoys  were  used  as  a  main  test 
material.  Ihe  drift  of  the  buoys  was  averaged  for  the  period  of  5,  10,  15  days 
and  for  the  month. 

The  calculation  of  the  drift  direction  came  true  in  94%  of  the  case?  The 
mean  ratio  of  calculated  and  reed  moduluses  of  the  drift  ^)eed  was  equal  to  0.74. 

The  ice  thickness  redistribution  for  different  ice  thickness  categories  was 
sinulated  for  the  section  of  the  Arctic  ocean  the  Chukchi  sea  for  the  three  and 
five  categories,  respectively. 

The  fulfilled  calculations  allow  us  to  tell,  that  this  ncdel,  in  ^ite  of 
its  relative  sisplici^,  rather  well  reflects  the  nain  feature  of  the  ice  drift 
in  the  Arctic  ocean,  gives  the  opportunity  to  calculate  ice  thickness 
redistribution  for  the  mcxith  period  even  with  maximal  detedization  of  the  ice 
cover  by  thickness  categories. 
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VaCBLBB  KEEAXED  TO  TOE  SIAXIC  STOEaXSTO  CT  Mf  I£Z  GOVBl 

TOe  paper  is  of  a  review  character  and  ocnoerns  to  ice  cover  static  analysis 
problem.  Ice  cover  is  considered  as  a  plate  on  elastic  foundation.  Ihe  pe^ier 
Includes  two  parts.  Ihe  first  one  deeds  with  anedysis  theoretical  problem  o£  the 
plates  on  elastic  foundation.  Ihe  second  part  deals  with  seme  special  ice  cover 
strength  problems  related  to  a  great  detent,  to  experimental  result  analysis. 

In  the  ice  cover  design  infinite  plate  problem  solution  Including  the  case 
of  load  distribution  along  circle  surfaces,  is  of  great  inportance.  In  many  cases 
the  solutions  are  obtained  in  closed  farm  in  terns  of  cylindrical  and  contiguous 
function. 

In  the  main  part  of  the  paper  the  problems  of  finite  layers  of  constant 
thickness  and  infinite  plates  with  openings  are  examined.  There  is  di5yMssed  the 
interrelation  between  cenpensated  loads  method  and  Ttef fts>Friderichs  variationed 
method,  as  well  as  boundary  integral  equation  application.  The  problem  of  cracked 
plate  subjected  to  a  load,  distributed  along  circular  surfacs  is  discussed.  That 
arises  from  studying  the  process  of  infinite  plate  failure. 

The  prcd3lens  of  the  plates  with  variable  thickness  on  elastic  foundations 
are  considered  in  detail.  There  are  obtained  the  solutions  of  circular  plates  of 
linearly  varying  thickness,  subjected  to  synmetric  and  antisynmetric  loading  and 
cxmplete  solution  of  the  similar  prc^lem  when  the  thickness  varies  with  the  radius 
acxxsrding  to  the  law  of  4/3  power.  Anedysis  the  plate  areas,  exijoining  to  the 
supports  of  the  structures,  it  is  possible  to  utilize  appraxlmate  solutions 
considering  reactive  force,  exerted  by  liquid,  as  constant.  The  problems  of 
circular  and  annular  plates  with  different  laws  of  variable  thickness  are 
Investigated.  All  above  mentioned  solutiesns  c±tcdned  in  closed  form  in  the 
tenns  of  different  special  functicxis.  In  all  chaises.  Green's  functions  aue 
determined,  considering  the  influence  of  elastic  foundation,  there  is  utilized 
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iteration  method.  Briefly  the  rectangular  plates  with  variable  thiciaiess  are 
analyzed. 


The  second  part  of  the  paper  analyzes  the  results  of  e)q)erijnents  on  ice 
crust  strength.  These  crusts  are  formed  as  a  result  of  ice  freezing  in  polynia- 
bath.  Major  differences  between  key  and  plate  strength  problems  are 
here. 


Short  remarkSi  concerning  the  possible  zqpplication  of  above  mentioned 
problems  in  analysis  of  artificud  ice  cover  strength  increase  and  the  reverse 
problem  of  its  destruction  are  givi^  here. 

Model  problem  of  plate  and  beam  with  i^per  reinforcement  are  considered  in 
this  ai^iect. 
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mvESinciaiiGN  of  ics  md  ice  cuxstwiB  aosaiamisncB 

Gas  hydrates  are  loelDoe  crysted  oontxxmds  fanned  frcrn  gases  and  water  at 
certain  theraodynamlc  oonditlcns  and  resentollng  snow  car  firm  ice.  The  cxysted 
lattice  of  these  ccnpounds  oonsista  of  water  molecules  which  are  hydrogai  bonded 
to  each  other.  Gas  molecules  are  included  into  lattice  cavities  and  interact  with 
it  under  the  influence  of  Van  der  Waals  farces,  in  the  absaice  of  gas  molecules 
the  lattice  is  thermodynamically  metastable  in  contrast  to  a  crystal  lattice  of 
icse. 

Similarity  of  ic»  and  gas  hydrates  strvictures  edlcws  to  oapare  their 
physical  and-mechanical  prcperties  including  mechanical  and  adhesive  ones. 

Hydrate  adhesion  is  of  great  practical  interest.  Hydrate  formation  on  pipe 
vails  in  the  systems  of  production  and  transport  of  natural  gas  reduces  the 
pipeline  ce^city  up  to  a  oonplete  stoppage  of  gas  si^ly.  To  develop  methods 
preventing  hydrate  formation  one  must  knew  the  adhesion  strength  of  a  hydrate- 
substrate  bond. 

In  the  report  the  ice  and  hydrate  adhesion  strength  was  determined  with  the 
help  of  the  e}$)erimental  set  made  in  two  modifications.  In  the  first  one  the 
external  force  required  for  breaking  the  adhesion  bond  is  iiviuoed  by  electric 
current  throuc^  an  inductance  coil  with  a  core  being  rigidly  linked  to  a 
substrate.  In  the  second  one  the  breaking  off  force  was  produced  by  the  drop  of 
gas  pressure  on  the  piston  connected  with  a  substrate. 

Hydrates  of  a  natural  gas,  freon-12,  and  tetrahydrofuran  and  ice  obtained 
from  the  distilled  water  were  studied.  Sanples  made  of  steel,  duralumin,  and 
polytetrafluoroethylene  were  use  as  a  substrate.  A  surface  finish  class  and 
interfacial  angle  were  determined  for  each  sanple. 
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Dqpea:i]nent2d.  data  shew  that  the  acSveslcn  strength  of  icse  in  the  taDsperature 
range  253-373  K  grows  with  temperature  decreasing  far  hydrophilic  surfaces  (steel, 
duralumin)  and  practically  does  not  change  for  hydrophobic  ones 
(polytetraf lucroetl^laie) .  The  adhesion  strength  of  ice  for  steel  and  duralusdn 
is  much  hitler  than  that  for  polytetrafluoroethylene.  The  ice- 
polytetreifluoroenthylenoe  system  in  the  teoperature  range  considered  is 
characterized  by  the  adhesion  type  of  bareaking,  while  for  the  ice-steel  system  at 
certain  temperature  the  transition  from  the  adhesion  to  the  cohesion  type  of 
hreaking  is  observed. 

£>^)erimaits  showed  that  tenperature  dqpendenoe  of  the  hydrate  adhesion 
strength  is  similar  to  that  of  ice,  i.e.  the  2K3hesion  strength  grcMS  with 
tenperature  decrease  for  hydrophilic  surfaces  and  practically  does  not  change  for 
hydrophobic  cnes.  Die  adhesion  strength  of  hydrates  considered  is  almost 
independent  of  a  gas  molecule  type. 

Dve  adhesiem  strengrth  of  hydrates  was  evaluated  on  the  basis  of  the  theory 
of  molecular  interaction  and  Griffith  theory  of  fracture. 

special  e}q)eriments  were  carried  out  to  oenpare  eicxustical  properties  of 
porous  media  saturated  with  ioe  and  gas  hydrates.  Diree  types  of  sanples  were 
tested:  sands  of  particle  diameter  in  the  range  0,15-0,  30x10^  and  in  the  range 
of  1,5-2,  0x10^;  silicagel  of  averse  pore  diameter  85, 5A  and  particle  diameter 
1,0-2,  OxlO®m.  Die  results  reveal  the  clear  influence  of  water  <xntent  and 
temperature  on  velocity  and  damping  of  acxxistic  waves  propagating  through  the 
sanples.  Die  tenperature  difference  between  water-ic;e  phase  transition  and 
reaction  of  clathrate  formatian  is  about  IQK.  Acxxistic  wave  velocity  of  sand 
saturated  with  gas  clathrate  is  3-4  tLnes  of  that  saturated  with  gas  suni  water. 
Die  effect  is  intensified  with  increasing  of  water  saturation. 

Die  results  of  experiments  with  silicagel  sanples  were  quite  different.  Die 
increase  of  velcxiity  was  not  more  than  30%  theu^  the  tenperature  was  lowered  dewn 
to  262K.  It  is  explained  by  the  presenoe  of  strongly  bonded  water  in  very  small 
pores. 
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A  M3DEL  or  DRIFF  ICS 

The  loe  oover  swimning  on  the  horizontal  surface  of  ocean  is  considered. 
Ihe  ice  cover  consists  of  ice-flows  with  various  farms,  geonetriczd.  scales  and 
safe^  properties.  Ihe  typical  horizont2d  scale  of  ice-flow  is  more  less  than 
horizontal  scale  of  investigating  phenooiaion.  It  is  supposed  that  ice  flows  on 
the  surface  of  ocean  is  even  and  its  relative  velocities  are  small,  so  ice  cover 
may  be  considered  as  continuous  media  with  visoous-elastio-plastic  properties. 
Ihe  plastic  properties  are  bound  vqp  with  irreversible  changes  of  ice  oover  that 
are  conditioned  by  destructicxi  of  ice-flows. 

IXiio  forms  of  ice-flow  interaction  may  be  considered  before  hunnocking: 

1)  oollisicvis  and  2)  mutual  pressing  and  friction  in  places  of  contacts.  Ihe 
first  kind  of  interaction  is  reedized  wh^  each  ice-flow  may  move  in  its 
nei^iborhood  without  collision  with  other  flews.  Ihe  second  kind  of  interactions 
have  place  vhen  ice  flows  can't  move  without  change  of  di^xsiticn  of  other  ioe- 
flows.  In  the  first  case  we  say  that  ice  cover  is  in  a  diffuse  state  and  in  the 
second  case  in  a  compact  state.  Ihe  change  from  the  first  to  second  state  is 
realized  by  oonpression  deformations. 

It  is  supposed  that  the  compactness  A1  is  being  when  diffuse  ice  cover  with 
compactness  A  (smaller  than  Al)  changes  in  compact  state.  Hunnocking  may  be 
reedized  if  ArA2  (greater  than  Al) . 

In  the  presentation  the  break  solutions  are  investigated.  Ihe  problems 
about  collisions  of  two  ice  oover  field  with  various  compactnesses  with  each  other 
and  ice  oover  field  with  rigid  walls  are  considered.  Ihe  pressure  of  ice  oover 
on  the  wall  is  defined  in  d^endenoe  on  drift  velocity  and  compactness. 
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IBB  maBBOVnCAL  MODELZJNS  OF  ZCB  ZMEEBACIICN  UTIH  VBOICAL  PILES 

Ihis  pE4)er  deals  %rith  develqping  a  sisulation  of  defcannation  and  fractxire 
of  the  loe  cover  around  the  structure  when  aspect  ratio  is  hi^,  i.e.  a  width  of 
the  structure  is  nuch  larger  than  the  ice  thidcness,  so  the  plane  stress  ccndition 
can  be  vised  to  investigate  the  stress  distribution  in  an  ice  around  the  structure. 


The  ice  is  simulated  as  an  elastic-brittle  material  and  the  modified 
CSoulcnb-Mohr  theory  is  used  to  describe  crushing  of  ice  field.  This  scheme  allcws 
to  describe  both  the  fracture  of  ice  by  tear  and  shear.  The  model  of  ice  field 
described  above  vaa  used  in  the  finite-difference  program  SHELfpM  which  was 
developed  during  1985-1988  at  IPI.  The  main  advantage  of  SHELF-M  over  the 
existing  FEM  programs  (MARC,  ADDA,  MSEEMO)  used  by  Western  specialists  to  stucfy 
the  ice-structure  interaction  is  in  the  dynamic  approach  that  allows  to  simulate 
the  fast  propagation  of  the  cracks  in  an  ice  sheet.  During  the  last  years  the 
program  has  been  used  in  about  40C  numerical  &g)erimaits.  The  ccnputer 
esgieriments  have  been  performed  by  DC-1060  and  lEH  PC  AT.  The  ice  force  has  bee 
cedculated  by  displacement  loading.  The  farce-time  curve  and  the  fractured  zone 
develcpment  and  ^xires  of  normal  and  shear  stresses  acting  onto  the  structure  has 
been  received  in  each  of  the  numerical  experiments.  It  has  been  shown  that  the 
ice  force  amplitude  depends  essentiedly  an  the  ice  strength  properties  (the  angle 
of  the  internal  fricticn  and  the  St/Sc  ratio) . 

In  these  investigations  the  influence  of  the  following  factors  has  been 
studied: 


-  Structure  cross  section.  The  circular,  octagon2d.,  square  and  rectangular 
structures  have  been  studied. 

-  Boundary  conditions.  The  two  kinds  of  boundary  conditions  at  the  ice- 
structure  ccmrtact  have  been  simulated  -  the  stiff  boundary  (the  structure 
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is  ftozen  in  the  ioe  sheet)  and  the  tree  boundary  (the  ^ic±ian  between 
the  ioe  and  the  stxix±ure  is  absait) . 

-  Incxeasing  of  the  ioe  thickness  near  the  stnjcture  (ioe  ocne  shaqpe  and 
size) .  Three  different  ioe  oones  have  been  studied:  hFhO  (ioe  ocne  is 
absent),  h  «  hO(l+l/r)  (shEdlow  ioe  ocne),  h  =  hO(l»l/z’)  (steep  ioe 
ocne) . 


-  Adfreezing  ioe  stroigth.  The  adfreezing  ioe  strength  has  beoi  described 
by  Ooulcod>4lQhr  equation  too.  So  the  tear  and  shear  adfreezing  strength 
of  ioe  was  taken  into  aoocunt. 

The  ioe  foroes  acting  onto  the  mcnooone  stnictures  frozen  -  in  to  an  ioe 
sheet  has  been  studied  too. 
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INSlBBILm  KSD  SEUKSGAmSDOlCH  OT  ICS  8BEBE8 

loe-cre^  instability  is  a  well-]cncMi  exasple  of  ioe-sheet  instability,  and 
there  are  a  variety  of  other  ioe  prcperties  that  lead  to  instability.  But  ioe 
sheets  interact  with  their  envdrcnment  -  the  atmo^ihere,  ocean  and  lithoG{3here  - 
and  it  is  the  interaction  that  leads  to  a  new  variety  of  instabilities  in  both  the 
ice  sheets  and  tfivironment.  The  entire  dynamic  systems  ocxpling  and  oonEarising 
the  ice  sheets  with  the  atmo^shere  or/and  ocean  or/and  lithosphere  are  considered 
to  study  mechanisms  of  instability. 

For  an  ice  sheet  interacting  with  the  atmo^iiere,  a  "cubic*  curve  and  a 
"cu^"  surface  of  ice-sheet  equilibria  is  found  in  perfect-plasticity  shallow-ice 
zpproodmation.  The  instability  puts  limits  on  the  ice-sheet  dimoision.  It  is 
shewn  that  an  advanced  ice  sheet  can  be  stabilized  only  at  the  very  large 
dimension.  Polar  ioe  sheets  (e.g.  the  Antarctic  Ice  Sheet  and  farmer  arctic  Ice 
Sheets)  aren't  stabilized  until  they  reach  the  ocean  and  are  transformed  into 
either  marine  ice  sheets  or  marine  ice  sheet/ioe  shelf  systems  (marine  ice 
systems) .  But  interaction  with  the  ocean  does  not  stabilize  the  advance  but 
causes  a  new-  marine  mechanism  of  instability  vhich  leads  to  a  fast  collapse  of 
marine  ioe  sheets  and  marine  ice  systems. 

A  marine  ice  system  is  a  single  <^namic  system  vhile  its  members  -  grounded 
ice  sheets,  floating  ice  shelves  and  transitioned,  zones  -  are  different  in  terms 
of  dynamics.  The  cynamics  of  grounded  ice  sheets  is  controlled  by  shear  stresses 
iihile  longitudinal  stresses  are  small;  on  the  contrary,  the  (^namics  of  floating 
ice  shelves  is  controlled  by  longitudinal  stresses  vhile  shear  stresses  are  snail; 
the  ioe  sheets  and  ice  shelves  are  ccxmected  by  transitional  zones  (ice  streams) 
vhere  both  the  shear  and  longitudinal  stresses  are  oocparable.  The  dynamic 
differences  result  in  morphologic  ones:  Icmgitudinal  profile  of  the  ice  sheets 
is  convex;  it  becomes  concave  within  the  transitional  zones  (the  inflection  line 
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say  be  adqpted  as  a  oonventioiva  boundary  between  the  ioe  sheets  and  transitional 
zones) ;  the  ioe  shelves  are  nearly  flat. 


The  mechanics  of  the  members  of  marine  ioe  ^sterns  as  a  whole  is  oonsiclered 
in  perfect-^lastioity  shedlow-ioe  approodmation.  Ihe  transitional  zones  are 
treated  as  '^#eak.'' 


Hcwever,  instability  of  ioe  sheets  is  not  only  "destructive"  but  it  may  be 
"creative,"  if  the  instabili^  results  in  synergetic  effects  and  leads  to  self- 
ocganization  of  regular  spatial  structures  within  and  ioe  sheets.  For  example, 
the  instability  caused  by  the  erosionaO.  interaction  of  ioe  sheets  with  their  beds 
gives  a  natural  mechanism  for  self-organization  of  ioe  streams  within  ioe  sheets 
and  large-scede  linear  forms  (coastal  fjords  and  submarine  troughs)  within  their 
beds. 


Ihe  model  of  eroding  ioe  sheet/eroded  beds  is  considered  in  viscous  sh2d.law- 
ioe  epproximation. 

Glacial  instabilities  discussed  here  is  a  convenient  tool  to  e>g>ladn  the 
Cenozoic  ioe-sheet  variations  and  glc^l-climate  changes. 
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ICE  ISIAID  gnaJCTURES  FOR  EXFlOailCN  DRILLIN3 

Discovering  ocomercial  oil  and  gas  reserves  on  the  Arctic  continental  ^lelf 
calls  for  the  develcpnent  of  offshore  drilling  platfaros  and  equipooent  designed 
for  opemtion  in  the  hostile  envircnment  with  short  ice-free  periods.  A 
considerable  amount  of  predicted  hydrocarbon  reserves  in  the  Arctic  seas  is 
attributed  to  shedlow  water  areas  vAiere  the  use  of  floating  drilling  units  and 
fixed  platforms  is  most  difficult  due  to  the  deep  draft  during  transportation. 
Under  this  circumstance  the  most  practicable  way  is  to  use  ice  island  structures, 
particularly  at  an  early  stage  of  e3g>loration.  are  constructed  using 
artificial  ice  generated  by  either  volume  or  layer  by  layer  seawater  freezing  un 
the  pr^>ared  foundation  or  using  various  combinations  of  artificial  and  natural 
ice  with  foreign  additives  (fillers) .  Ihe  selection  of  the  oonstmction  procedure 
is  dependent  on  the  site  of  construction,  tenperature  conditions  in  the  region, 
and  the  availability  of  particular  types  of  ice. 

Ihe  world  experience  in  construction  and  operation  of  artificial  ice  islanis 
shows  that  a  number  of  iirportant  problems  exist.  Ihese  are:  ensuring  the  rate 
of  freezing  required  for  the  successful  construction  and  operation  of  artificial 
ice  islands;  generating  large  amounts  of  hi^-strength  monolithic  ice  for  the 
structure  body  with  certain  physical  and  meohanicEd  properties  and  ensuring  its 
resistance  to  all  the  external  loads  so  that  the  artificial  island  could  operate 
as  a  foundation  for  e}q>loration  drilling.  The  VNIPImorneftegaz,  Moscow,  has 
conducted  large-sccile  experiments  on  the  fast  ice  of  the  Kara  Sea  with  a  view  to 
define  practical  ways  of  generating  large  ice  monoliths  {up  to  3  million  nP)  by 
seawater  freezing  (salinity  of  34-35) ,  vMch  is  the  principal  and  most  complicated 
problem.  Ihe  other  objective  of  the  esqTeriments  was  to  test  existing  theories  and 
to  finalize  the  development  of  procedure  of  ice  island  oonstructicn.  Ihe 
construction  was  performed  by  sprinkling  seawater  according  to  a  pre-set  cell 
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layout  with  the  brine  flowing  down  inclined  side  surface  of  the  cells.  The 
procedure  was  tested  under  various  conditions,  namely  at  various  angles  of  nozzle 
inclination  to  the  horizcntal,  with  various  number  of  nozzles  and  their  outlet 
diameters  and  with  various  values  of  water  head,  air  temperature,  and  wind  speed 
and  directic^.  Ice-generated  procedure  was  tested  alongside  vdth  stuping 
physiceil  and  mechanical  properties  and  thermcx^Tiamic  behavior  of  generated  ice 
mass. 


Ihe  results  of  field  experiments  and  theoretical  investigations  helped  to 
produce  guidelines  for  ice  island  construction  and  to  define  problems  requiring 
further  investigaticxis. 
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FRCBABnJSmC  ICE  FCeCES 

Ihis  presentation  presents  a  method  fear  predicting  probabilistic  ice  forces 
on  offshore  structures.  It  di.sraisses  the  developmatt  of  prot^ilistic 
distributions  ftxan  environmental  data,  and  the  fontulas  viiich  are  used  to  ocnfiute 
the  ice  forces.  For  one  type  of  ice  feature,  many  forces  are  calculated  and  a 
probability  is  assigned  to  each  force  to  cdotadn  the  probability  distribution.  A 
method  is  developed  for  combining  ice  force  distributions  for  more  than  one  type 
of  ic:e  feature. 

The  return  period  of  a  force  is  defined  and  the  selection  of  its  design 
valtie  is  discussed.  The  probability  of  exceeding  the  force  in  the  time  period, 
such  as  the  life  of  the  structure,  is  exsnsidered.  Future  developments  are 
discussed  with  enphasis  on  obtained  better  ice  data. 
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MQOELLINS  THE  BRITTLE  OCMFRESSIVB  lAILDRB  OF  ICE: 

POSSIBILmES  AMD  IMPUCAEICMB 

Hhen  ice  is  loaded  in  ocopression,  a  variety  of  behaviors  may  occur.  At 
very  low  rates,  defomation  is  without  cracking  and  eqppears  dominated  by 
recrystallization.  As  the  loading  rate  is  increased,  the  ice  eadiibits  some 
cracking,  and  the  stress-strain  curve  shows  a  clear  peak.  This  peak  apparently 
arises  frcm  the  cracking  activity.  After  the  peak,  the  stress  decreases  to  a 
plateau  value  an  in  this  portion  of  the  stress-streun  curve,  deformation  is  again 
due  to  recrystallization.  As  the  strain  rate  is  increased  further,  the  sample 
will  fall  catastrcphically  as  a  result  of  cracking  activity.  Quite  how  the 
fedlure  occurs  is  not  clear,  but  three  mechanisms  of  brittle  ocnpressive  failure 
have  traditionally  been  identified  in  the  rock  mechanic  literature:  axisd 
flitting,  shear  faulting,  and  cataclasis. 

Recent  work  in  the  ice  literature  has  concentrated  an  the  Wing  CTack  model 
put  forward  by  Ashby  and  Hallan  (1986) ,  and  has  attempted  to  describe  the  failure 
process  as  being  due  to  stable  propagaticn  of  wing  cracks.  Hcwever,  at  least  two 
other  possibilities  must  be  considered.  One  is  that  wing  crack  may  indeed  cause 
failure,  but  by  an  unstable  crack  propagation  mechanism.  The  second  is  that 
ra Jier  than  wing  cracks  causing  the  failure,  the  initiation  of  new  cracks  into  the 
aggregate  may  give  rise  to  a  catastrophic  reduction  in  stress.  Also,  models  to 
date  have  fcdled  to  identic  clearly  the  actual  mechanism  by  vhich  instability 
occurs. 


This  paper  will  present  three  possible  models  for  brittle  compressive 
f2d.l\nre  in  ice.  The  limitaticxis  of  each  of  the  three  models  will  be  discussed, 
edong  with  the  inplicatims  of  their  respective  functionality.  Given  then  the 
behavior  being  modelled  is  brittle,  some  degrees  of  scatter  is  to  be  expected  in 
any  esperimental  results,  and  the  nature  of  this  scatter  will  be  considered. 
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Ihoee  results  \^ch  are  available  in  the  literature  will  be  discussed  in  the  light 
of  their  models,  along  with  more  results  obtadned  by  the  airthar.  It  will  be  seen 
that  none  of  the  existing  models  describe  the  available  data  conpletely,  at  least 
in  part  because  insufficient  information  on  the  failure  of  each  sanple  (i.e. 
whether  splitting,  shear  faulting,  or  cataclasis  occurred)  is  available. 
Directicns  in  vhich  future  work  mic^t  prove  fniitful  will  be  indicated. 
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lt.8.  Sritcihaxd 
ZoaCftsting,  zno. 
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BEti  ICE  DINaKIC  MCDEU 

A  sea  ioe  c^namics  model  based  on  an  elastic  plastic  constitutive  lav  is 
reviewed.  Ice  condition  is  described  ty  the  thidcness  distribution.  Strength  is 
estimated  by  balancing  the  rate  of  work  done  by  stress  during  deformation  with  the 
power  dissipated  by  the  small  scale  energy  sinks:  gravitational  potential  energy 
increases,  frictional  sliding,  and  shearing.  Ihe  i^ecific  choices  of  yield 
surface,  flow  rule,  and  mechanical  redistribution  are  justified  by  referenoe  to 
the  literature.  Ihe  model  is  designed  to  describe  and  forecast  ice  bdiavior  over 
periods  of  about  a  we^.  Changes  in  ice  velocity,  deformation,  stress,  and  ice 
condition  are  described.  Ihese  variables,  although  averaged  over  tens  of 
kilometers,  provide  valuable  information  to  designers  and  operators  of  offshore 
structures  since  ice  strength  limits  the  force  that  can  be  cqpplied  to  a  structure. 

Mathematical  characteristics  are  examined  to  help  understand  the  large-scale 
lead  patterns  observed  throug^iout  the  Arctic,  e^iecially  \here  ioe  is  forced 
throuc^  straits  and  other  restrictions.  Ihe  metals  and  soil  mechanics  literature 
oontedns  numerous  discussions  of  plasticity  models  and  the  inportance  of 
characteristic  directions  or  slip  lines  for  describing  discontinuities  in  the 
deformation  field.  Polar  literature  now  edso  oontedns  several  similar  references. 
Ihe  quasi-steady  ice  dynamics  model  is  hyperbolic,  parabolic,  or  elliptic 
dq«nding  on  the  yield  surface  shape  and  stress  state.  VBien  bypeibolic,  two  real 
characteristic  directions  exist,  across  vhich  traction  can  be  discontinuous. 
Velocity  characteristics  coincide  with  stress  characteristics  if  an  associative 
flow  rule  is  used,  but  may  be  independent  if  a  ncn-associative  flow  nile  is  \;ised. 
Ihe  present  work  ejqplores  more  tharou^y  the  model  behavior  associated  with  the 
characteristics  in  an  attempt  to  learn  if  they  can  really  be  &qpected  to  describe 
the  observed  lead  patterns.  Of  interest  are  directions  along  which  leads  form  and 
the  deformation  of  existing  leads.  Ihe  latter  topic  is  of  special  interest  vhen 
pairs  of  rectilinear  leads  co-exist. 
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The  different  possible  relationships  betweai  observed  lead  patterns  and 
cbaract^istics  are  examined.  Several  different  ejiplanaticns  are  evaluated:  (i) 
leads  fora  and  deform  along  stress  characteristics;  (ii)  leads  form  stress 
characteristics  and  deform  along  velocity  characteristics;  (iii)  leads  form  along 
stress  characteristics  and  deform  along  directions  of  maximum  op^iing;  and  (iv) 
intersecting  leads  form  sequentially,  rather  than  in  pairs  along  the  tuo 
characteristic  directions.  Ihe  possibility  that  lead  patterns  are  not  related  to 
mathematical  characteristics  is  also  considered.  While  our  present  understanding 
suggests  that  (iii)  provides  the  most  likely  esqplanation,  more  data  are  needed  to 
substantiate  the  conclusion. 

Several  special  cases  are  ccnsidered:  flow  around  an  obstruction,  arching 
across  a  strait,  and  shearing  alcxig  a  coastline.  In  the  future,  data  available 
fran  satellite  imagery  will  be  most  useful.  Sequential  images  must  be  anedyzad 
to  determine  when  leads  formed  and  hew  they  defamed. 
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ZCBBBO  IMraCI  PRESSURE  AND  FORCE  USIGM  CRPmOA  FGR  FIXED  PIAIFGRS 

Nhere  present  in  significant  numbers,  icebergs  dcninate  the  design  of  fixed 
offshore  platforms.  Such  is  the  case  on  the  Grand  Banks  of  Newfoundland  vhere  a 
large  gravity  based  platfora  has  been  considered  for  production  at  the  Hibernia 
Oil  Field. 

A  substantial  amount  of  informatics^  is  available  abcxrt  the  physical 
properties  of  icebergs.  Less  information  exists  about  the  pressure  and  forces 
that  may  result  from  their  collisions  with  offshore  platforms.  Very  little  can 
be  found  as  to  how  to  apply  the  iceberg  inpacrt  pressures  and  forces  for  locad  and 
global  design  of  the  platforms. 

The  author  presents  of  conprehensive  review  of  the  procedures  for  io^erg 
loading  calculation  and  appliceticxi.  He  also  addresses;  (a)  the  key  differaxes 
between  icebergs  and  sea  ice;  (b)  the  iceberg  data  and  iipacrt  load  algorithms 
needed  to  establish  design  criteria;  and  (c)  possibilities  fear  further  reduction 
of  the  present  exanservatism  in  the  iceberg  loading  criteria. 
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CRACK  ERaeAGATIGM  IM  AN  ICE  OOVIR  UNDER  THE  ACTICll 
OF  A  MOIFINS  NORMAL  LOAD 

The  problem  of  <^namical  crack  propagation  in  ioe  cover  (uhich  is  assuned 
to  ba  a  hcmogeneous  elastic  plate)  differs  from  the  classical  problems  of  fracture 
mechanics  in  certedn  features.  First,  it  is  ncnlocality,  i.e.  the  action  of 
forces  bending  the  ice  cover  is  transferred  to  its  distant  areas  not  only  by  the 
bending  waves  moving  along  the  plate,  but  edso  by  the  waves  in  water.  This  fact 
considerably  influences  on  the  mathematical  formulation  of  the  problem: 
differoTtial  eguaticxis  of  <^aiamical  bending  of  a  plate,  contacting  with  water,  are 
transformed  to  a  convoluticn-t^pe  equation  (which  makes  its  solution  more 
difficult) .  That  is  why  in  this  paper  we  shall  first  consider  the  fundamental 
problem  of  a  nonnal  moving  force.  Incid^Ktadly,  solving  this  problem  helps  to 
find  out  feasible  one  of  sinplifications  in  the  descriptions  of  plate-water 
interaction. 

Secondly,  the  problem  under  consideration  is  characterized  by  critical 
velocity  (i.e.  velocity  of  movement  of  normal  force  and  crack  propagation)  which 
is  very  little  as  conpared  to  corre^xxYiing  critical  velocity  of  crack  in  elastic 
medium  (usually  it  is  Baylei^'s  waves  velocity) .  The  moving  load  induces  waves 
carrying  energy  away  "to  infinity"  if  the  velcxiity  is  greater  than  the  critical 
one.  In  this  case  (in  contrast  to  under-critical  range)  only  a  part  of  energy  is 
spart  on  fracture  (flowing  down  a  crack  tip),  another  part  is  radiated  by  the 
waves  mentioned  above.  The  pcwer  of  this  radiaticxi  is  to  be  included  in 
correlation  between  load  intensity,  velocity,  airl  lcx:ation  of  a  stack  with  re^»ct 
to  the  l(»d. 


All  these  aspects  of  the  problem  are  cxxisidered. 
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MBCBANICAL  RSCPERTIES  OF  SEA  ICE:  lABdUOaOT  EAPBtlHQlIS 

Models  that  are  being  developed  to  predict  the  behavior  of  sea  ioe  during 
ice-ioe  and  ioe-structure  interaction  require  information  on  the  mechaniced. 
properties  of  the  ice.  The  level  of  det2d.l  necessary  in  the  constitutive 
description  of  the  behavior  of  the  ice  still  reoains  a  question.  In  other  words, 
do  we  (or  can  we)  incorporate  the  models  developed  to  describe  the  micrcnechanical 
processes  observed  in  10-cm  laboratory  test  specimens  directly  into  the  larger- 
sccile  models  designed  to  predict  the  failure  of  ice  sheets?  Probably  not,  since 
this  level  of  det2U.l  would  result  in  interaction  models  that  are  too  cumbersome 
to  be  \iseful,  practicedly.  We  still  need  to  understand  the  small-scale  processes, 
however,  in  order  to  define  the  variables  of  primary  iiqportanoe  in  controlling  the 
b^iavior  of  the  ioe. 

This  presentation  will  focus  on  laboratory  work  that  has  been  done  to 
determine  the  small-scale  material  properties  of  sea  ice  as  a  function  of  ice 
structure,  tenperature,  loading  rate,  and  state  of  loading.  Techniques  for 
performing  uniaxial  compression  and  tension  and  confined  ccnpression  tests  on 
10 . 2-cm-diameter ,  25.4-cm-long  cylindriced  test  ^)ecimens  will  be  described  along 
with  the  combined  results  from  these  various  test  programs.  I  will  edso  describe 
test  facilities  that  are  being  established  to  permit  labcxratory  testing  of  1-m- 
scale  ioe  blocks  in  oompressicxi  and  bending.  These  blocks  will  be  loaded  in  situ 
and,  hence,  will  have  a  tenperature  gradient  representative  of  ice  in  the  field. 
We  plan  to  model  the  loading  b^iavior  of  these  blocks  using  data  from  small-scale 
material  proper^  tests.  This  effort  will  serve  as  an  intermediate  step  towards 
relating  the  insist  we  have  gedned  from  the  material  property  tests  to  the  field 
scale  interacticxi  events. 
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1BE  ICE  RESEABCH  IftOGRAMS  AH)  EXPESIMElllAL  lACZLmEB 
OF  IBB  KRILOV  SHIP  BESEMtCH  INSmOIB 

Ihe  ejqperlenoe  that  has  been  aocunulated  so  far  in  the  solution  of  practical 
ioe  technic  problems  shows  clearly  that  the  main  role  in  this  still  belongs  to 
eaqperimental  methods  of  research.  Ihis  is  largely  accounted  for  by  the  fact,  that 
ice,  particularly  sea  ioe,  is  still  among  the  less  studied  media  and  may  be 
characterized  as  a  material  widely  varying  its  physical  properties  with  variation 
of  numerous  external  factors.  It  presents  considerable  difficulties  in  building 
up  theoretical  mcxiels  vhich  would  describe  the  diversity  of  ioe  reactions  to 
external  leadings. 

On  the  other  hand,  the  possibilities  of  full-scale  experiments  in  ica 
conditions  are  strongly  limited  by  heavy  expenses  to  prepare  and  conduct  them, 
rather  pear  informativity  of  the  results  obtained  due  to  a  random  character  of  ica 
situation  in  the  test  area,  cxxisiderable  technical  and  ecological  risk,  e^acially 
in  cases  >hen  esgarimental  sanples  of  transportation  means,  offshore  flcating  or 
stationary  structures  are  investigated. 


With  the  advent  of  new  types  of  physical  laboratories  -  ica  nadel  basins 
(more  than  20  in  the  world  new) ,  of  which  the  ioe  basin  of  the  Arctic  and 
Antarctic  Institute,  USSR,  was  the  first  (1955),  wide  opportunities  have  been 
opened  for  modelling  of  real  ica  conditions  and  prenpt  fulfillment  of  orders  by 
shipbuilding  and  t^drotechnical  industries  on  the  basis  of  data  obtained  from 
systematic  ejqariments  with  models  of  structures  to  be  operated  in  ica  oorvered 
water  areas. 

Ihe  ioe  model  basin  of  the  lOrylcv  ship  Research  Institute  (length  45  m, 
breadth  6  m,  and  d^th  1.7  m) ,  vAiere  investigations  of  technical  problems  ere 
started  in  1987,  only  sli^tly  differs  from  similar  facilities  in  other  countries, 
but  owing  to  a  broad  variety  of  dynamometer  devicas  used  in  experhaeriits  provides 
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a  means  for  carrying  out  tests  in  various  ice  conditions  (Level  ice,  ice  ciiannel, 
brcken  ice,  ridges)  inclviding: 

-  tawing  and  self  propelled  model  tests  for  ice  breakers  and  ice; 

-  strengthened  ships; 

-  towing  tests  of  model  offshore  structures; 

-  measurement  of  screw-propeller  characteristics  in  o|»i  water  mode  of 
operation  in  clear  water,  near  an  ice  plane  on  firee  surface  and  in  milling 
regime  of  interaction  with  ice  blocks; 

-  ice  loeds  estimates  for  screw  blades,  shafting  system  and  blade-tuming 
mechanism  of  controllable  pitch  propeller; 

-  investigations  of  static  and  dynamic  methods  of  ice  destruction  by  air  - 
cushion  v^cles  and  platforms. 

Scading  from  model  esqieriments  to  full  size  conditions  presents  some 
difficulties  due  to  the  fact  that  so  far  it  has  been  inpossible  for  model  basins 
to  develop  modelled  ice  with  edl  physical  and  mechanical  properties  satis^ing  the 
similarity  criteria  for  the  processes  under  study.  Diis  problem  demands  serious 
consideration  and  cooperative  efforts  of  ^)ecialists  of  ice  research  centers  as 
well  as  collection  of  reliable  full-scale  information. 
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MBlBtZCAL  lOSLS  OP  ICS  DEFCRfanCll 

Polycxystalline  ioe,  a  naturally  ocxurring  geomaterial/  is  of  considerable 
interest  in  ocean  engineering  e^licaticns  involving  the  indaitaticn  and 
penetration  of  structures  and  the  use  of  ice  as  a  structural  material.  Since  the 
material  is  present  in  nature  at  teqperatures  very  close  to  its  melting  point, 
terrestrial  ice  di^lays  a  hi^^y  rate  and  temperature  sensitive  behavior,  more 
generally  called  creep.  Ice  also  cracScs  easily  under  moderate  to  hi^  rates  of 
loading  and  is  said  to  di^lay  quasi-brittle  behavior.  Ihe  transition  from 
ductile  (cre^)  to  brittle  b^vavior  represents  an  inportant  condition  in 
engineering  applications.  Prediction  of  ice  bdiavior  vrithin  the  ductile-to- 
brittle  transition  requires  constitutive  theories  to  describe  the  defonnation 
(stress-strain)  bdiavior  of  the  material  at  laboratory-scale;  and  anadyses  which 
can  be  used  to  predict  field-scale  processes  via  numerical  sisulations. 

niis  talk  will  present  newly  developed  constitutive  theories  for  the 
transient  (tiine-di^)endent)  creep  and  purely  brittle  behavior  of  ice.  Ihe 
transient  creep  theory  is  physically  based,  but  ftencnenological,  uses  internal 
state  variables  to  model  the  evolution  of  the  materials's  microstructure  during 
deformation,  describes  texture  npand  stress-induced  anisotropy  under  multiaxial 
states,  and  has  been  extensively  verified  against  eiqperimental  data.  On  the  other 
hand,  the  brittle  b^iavior  of  ice,  vAiich  is  dcminated  by  the  nucleation  (not 
propagation)  of  cracks,  is  described  via  a  microstructurally  based  constitutive 
theory.  Ihe  elastic  anisotropy  of  the  constituent  crystals  in  a  polycrystalline 
aggregate  is  the  principal  mechanism  re^xxisible  for  cradc  nucleation.  The  crack 
nucleation  theory  is  used,  in  turn,  to  predict  the  accumulation  of  damage  with 
loading  and  the  associated  (macroscopic)  deformation  behavior  of  ice,  accounting 
for  multiaxial  and  loading-history  effects. 

The  talk  ocxicludes  by  presenting  a  finite  element  formulation  for  analyzing 
ice  indentation  involving  transient  cze^  as  well  as  results  from  numerical 
simulations  vMch  consider  problems  of  increasing  oonplexity. 
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zcas  LCAD6  CK  OFFSaORB  gTROCTUREB 
(mvEsncMncMB  im  the  usuKaaD  state  tbchhccal  Txrmtsm) 

This  report  deals  with  investigations  that  have  been  carried  out  at 
Laiingrad  State  Techniced  Uhiversity  (I£TU)  and  devoted  mostly  to  ioe  loads  on 
offshore  structures  and  peu±ly  to  ioe  properties. 

1.  STRENGTH  OF  lAYERED  MEDIA  SAMPLES  UNDER  UNIAXIAL  OCMPRESSION 

(Prof.  Zvolins)^,  N.V.  -  Inst,  for  Problems  in  Mechanics,  Prof.  Shkhin^, 

K.N.  -  ISTU) . 

TVk>  dimensioned  solution  has  been  found  for  oonpressed  layered  media 
sanples.  This  media  ocnsists  of  thin  elastic-brittle  layers  and  extremely  fine 
soft  material  between  them. 

Rectangular  sanples  of  this  material  is  placed  between  press  plates.  It  is 
assumed  that  sample's  butt-ends  are  fixed  to  the  plates  and  can't  slide  relatively 
them  in  horizontal  plans.  Lateral  surfaces  of  sanple  are  free  from  stresses. 
This  solution  has  demonstrated  that  stresses  in  this  sanple  are  distributed  most 
irregularly.  Irregularity  d^)ends  cxi  the  properties  of  layers,  their  angle  of 
inclination,  and  sample's  length-width  ratio. 

Strength-angle  of  inclination  ratio  is  sindlar  to  that  described  in  Payton's 
investigation. 

2.  ICE  COVER  INFLUENCE  ON  ADDED  MASSES  OF  OSCHIATING  BOCV 

(Dr.  Bolshov,  A.S.,  Dr.  Matskevich,  D.G.,  Prof.  Shkhinek,  K.N.,  ISIU) 

Theoretical  and  experimental  investigations  resulted  in  elaboration  of  the 
method  for  calculation  of  added  masses  of  bodies,  oscillation  under  broken  ice 
cover.  It  has  been  shown  that  if  we  knew  ccxnecticni  between  added  ma5ffies  emd 
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frequency  of  oecillating  in  the  absence  of  ioe  cover,  it  is  possible  to  determine 
stAM  with  tiio  preserxu  of  broken  ice. 

3.  ICE  ICIADS  ON  A  SYSTEM  OF  PIUS  lllDBR  WOm  UVEL  CHANCES 

(Dr.  Matskevich,  D.G. ,  Prof.  Shkhinek,  K.N. ,  LSIU) . 

Kerr's  solution  for  loads  acting  on  a  single  pile  is  well  known.  However, 
tne  solution  is  inadequate  for  the  system  of  piles,  as  load  cannot  be  calculated 
by  siiqple  sunnaticn  of  Kerr's  solution  for  each  of  the  piles,  because  distortion 
of  boundary  conditions.  (Xir  approach  was  based  on  the  idea  of  minimization 
deviation  from  e>act  boundary  oonditiOTS.  As  a  result  solutions  for  the  two-, 
three-,  four-pile  systems  were  detained. 

4.  MMHEMAnCAL  SIMUIAnON  OF  ICE  -  VERTICAL  PIIZ  INTESACnON 

(Dr.  Matskevich,  D.G.,  Prof.  Shkhinek,  K.N.,  LSIU 

It  has  developed  mathematical  model  of  ioe  -  vertical  pile  interaction.  Ice 
is  to  be  an  elastic-brittle  matericil.  Ocxrputer  program  was  developed  for 
investigation  process  of  ioe  crushing  around  the  structure  and  ice  load  changing 
in  a  time. 

Ihe  last  time  about  400  numerical  ejqseriments  for  different  cross-section 
structures,  ice  properties,  and  boundary  conditions  has  been  conducted. 
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D.S.  Sodbi 

D.8.  Axny  cold  Region  Research  and  Engineering  Labcnmtoty 
Hanover,  New  Hampshire  ESA 


DYMAHIC  ICE-SIRDCTaRE  INTESACTICXI  ZXIRINS  IMDENlAnGN  TESTS 

To  stu^  dynamic  ice-structure  interacticn  during  the  crushing  failure  of 
ice,  indentation  tests  were  ccnducted  by  pushing  a  vertical,  flat  indontor  into 
the  edges  of  floating  ice  sheets.  Ihe  indentor  vss  si^iported  on  a  movable 
carricige  by  means  of  three  load  cells  to  measure  interaction  forces  at  the  ioe- 
indentor  interface.  Ihe  displacements  of  the  carriage  and  the  indentor  were 
measured  s^iarately.  Ihe  indentor  di^lacement  relative  to  the  carriage  and 
provided  ootprehensive  data  cxi  the  dynamic  ice-structure  interaction  during 
crushxng  failure  of  an  ice  sheet.  Diree  basic  modes  of  ioe  behavior  were 
observed:  cre^  deformatic^  at  low  velocities,  intermittent  crushing  at 
intermediate  velocities,  and  continuous  crushing  at  hi^  velocities.  Based  on 
these  measurements,  a  theoretical  model  is  proposed  whxch  produces  results  similar 
to  those  of  the  ejperiments. 

Because  of  the  flexibility  in  the  structural  support  i^^sten,  the  velocity 
at  which  the  indentor  moved  was  not  always  the  same  as  that  of  tbe  carriage.  Die 
dependence  of  effective  pressure  on  the  indentor  velocity  was  investigated  because 
the  strain  rate  and  the  stress  rate  at  a  point  in  an  ice  sheet  have  a  direct 
relationship  with  the  indentor  velocity.  Die  maximum  effective  pressures  measured 
at  different  indentor  velocities  were  found  to  differ  by  a  factor  of  3  to  5;  hi^ 
pressures  (8-13  MPa)  were  measured  at  low  indentor  velocities  (<20iiin  s-1) ,  and  low 
pressures  (1.2-4. 3  MPa)  at  hi^  indentcar  velocities  (>100  xm  .  Die  reduction 
in  the  effective  pressure  is  believed  to  be  caused  by  the  dieinge  in  failure  mode 
from  in-plane  deformaticn  at  lew  velocity  to  out-of-plane  brittle  failure  at  high 
indentor  velocity. 

Die  data  frem  this  study  were  also  used  to  oenpute  the  energy  excheuiges  that 
take  place  during  creqp  deformaticxi  and  intermittent  and  ocxitinuous  crushing  of 
ice.  Die  energy  supplied  by  the  carriage  was  partly  stored  in  the  structural 
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spring,  peortly  ocnverted  to  kinetic  energy,  partly  dissipated  in  defcodng  and 
extruding  the  ice,  and  partly  dissipated  as  heat  in  the  danping  mechanisms  of  the 
structure.  Exxr^it  for  the  heat  dissipation,  2d.l  other  fcKms  of  energy  were 
oonpited  l^rcm  the  ecperlmental  data,  and  the  heat  dissipation  was  oonputed  firom 
the  energy  balance  using  the  first  lav  of  thennoc^namics.  Plots  of  all  farms  of 
energy  will  be  shown  in  gr2^ihlcal  form,  in  which  their  relative  magnitudes,  tixae 
of  occurrence,  and  interplay  may  be  seen. 

Ihe  madn  result  of  the  energy  exchange  stucfy  is  the  thesis  that  intermittent 
cxu^ning  or  ice-induced  vibration  takes  place  whenever  there  is  an  imhalance 
between  the  rates  of  work  done  by  the  carriage  and  the  indentor  and  that  there  are 
no  vibraticns  vhen  these  rates  of  work  are  equed. 

Ihe  results  of  tests  vhen  intermittent  crushing  took  place  we  analyzed  to 
obtadn  the  frequency  of  intermittent  crushing  failure.  Fran  the  experimental 
results,  a  correlation  was  obtained  between  the  average  distance  travelled  by  an 
Indentor  during  successive  failure  events  and  the  maximum  relative  displacement 
of  the  indenter  with  reflect  to  the  carriage  during  the  loading  phase  of  a  cycle. 
From  this  oorrelaticn,  the  frequency  of  intermittent  crushing  can  be  obtained  in 
terms  of  structural  stiffness,  ice  velocity,  effective  pressure,  indraitor  width, 
and  ice  thickness. 
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W.B.  Tuckar,  HZ 

11.8.  Any  Oold  BegioQ  Research  and  Engineering  Laboratory 
Banover,  Nev  fttunwhire  USA 

FIEED  MEASDRSiaiT  OF  PACK  ICE  81BESSES 

Accurate  measurements  in  situ  ice  stresses  were  obt^dned  in  the  pack  ice  of 
the  eastern  Arctic  during  the  fall  of  1988.  Stresses  were  measured  using  biaxial 
vibrating  wire  sensors,  these  are  cylindrical  instruments  vhich  the  principal 
stress  ocnponents  and  the  directions  are  determined  frca  the  resonant  vibraticn 
fineguencies  of  the  wires.  At  one  site  about  200  m  frcm  the  edge  of  a  large 
multiyear  floe,  three  sensors  were  installed  at  f=different  depths  to  examine  the 
verticcd  distribution  of  stresses  within  the  ice.  At  another  site,  two  sensors 
were  installed  at  shallow  d^>ths  in  the  multiyear  floe  near  a  freezing  lead  with 
an  2Kiditional  sensor  in  the  first-year  ice.  Stresses  in  the  multiyear  ice  far 
from  the  edge  of  the  floe  reached  ISOkPa  during  extreme  deformatian  events.  Near 
the  edge  and  in  first-year  ice,  they  exceeded  350kPa  on  sever2Q.  occasions  (400  kPa 
in  one  instance)  vhen  the  ice  failed  very  near  the  sensors.  Iherzaally  induced 
stresses  at  shallow  d^iths  in  the  multiyear  ice  were  caused  by  rs^id  tenperature 
changes  and  could  be  nearly  as  large  as  stresses  observed  during  defconnation. 
Often,  the  stresses  at  depth  during  these  thennal  events  were  of  opposite  sign  to 
those  near  the  surface.  The  vertical  distribution  of  stresses  varied  with  the 
type  of  deformation  event,  but  the  largest  values  were  always  observed  in  the 
vpper  half  of  the  ioe  sheet.  Stresses  due  to  defarmatJon  were  rc^idly  attenuated 
away  from  the  edge  of  the  floe.  Near  the  edge,  however,  recorded  stresses  agreed 
well  with  those  cd3served  in  the  adjacent  first-year  ice.  The  sensor  located  in 
the  first-year  ice  edso  experienced  twice  daily  oscillations  of  about  50  kBa  which 
are  apparently  tidal  or  inertially  induced.  Measurements  of  loced.  ice  motion  with 
the  radar  transponder  system  allowed  ccnparison  of  the  stresses  to  the  local 
strain  field.  Overall,  there  was  very  little  agreement  between  stress  and  local 
deformation  exc^jt  during  large  deforroation  events. 
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8.x.  Varshinin,  A.A.  Iliady,  and  A.B.  Below 
AU-union  Beseercai  and  Design  Institute  for 
OffaihQEe  oil  and  Gas  Recovery  (VtUPStoEneftegaz) 
Moscow,  OBSR 


DfMAMIC  ICB-FLESZBLE  SIRDCIURB  IMIERACnCBi  IBBOfSai 

All  existing  eqpproaches  to  the  process  of  dynamic  ice-structure  interacticn 
are  possible  to  describe  the  relaxation  mode,  which  consists  of  static  loading 
phase  and  the  movement  in  the  crushed  zone.  But  in  the  harmonic  mode  with  hi^ 
relative  velocities  ed.1  this  c^iproaches  are  not  so  useful. 

Seme  results  of  th^Ksretical  and  model  researchers  in  connection  with  the 
anedysis  of  existing  data  on  dynamic  interaction  are  presented.  Ihe  new  function 
of  ice  resistance  makes  it  possible  to  analyze  not  only  relaxation,  but  also  the 
harmonic  mode  in  terms  of  self-excited  vibrations  theory.  There  were  developed 
some  theoretical  and  e}$)erimental  results  for  the  case  of  prevailing  frequency 
(one  natural  mode) .  An  approach  to  the  more  ccanplex  analysis  of  real  structures 
vising  the  model  is  discussed. 

After  Haattanen  (1977,  1981,  1984),  who  connected  the  possibility  of  self- 
excited  vibraticxis  occurrence  with  the  non-linear  dependence  of  the  ice  mechanical 
properties  on  the  relative  ice-structure  velocity  there  appeared  seme  attempts  to 
present  the  ice  resistance  as  a  partly  linear  function  of  relative  ice-strvicture 
velocity  (Banta,  Ra^,  1983;  Toyama  et  al.  1983)  or  as  a  function  of  velocity  and 
time  (Kama,  TUrunen  1989) . 

There  are  some  approaches  to  eiqplain  the  phenomenon  of  ice-induced 
vibration:  see,  for  example,  the  last  ones  -  Eranti  (1990) ;  Mang,  (1990) ,  XU, 
Mang  (1990),  Sodhi,  Nakazawa  (1990),  Kama,  Muhonm  (1990);  etc.  This  problem  is 
under  research  and  discussicxis  more  than  20  years,  but  there  is  no  valid  and  clear 
eiqplanatlon  of  the  nature  of  this  phenomenon.  In  this  article  authors  make  an 
attempt  to  develop  the  model  that  gives  loading  time  history  using  self -vibrations 
theory  e^lied  to  flexible  structure  model. 
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General  assumptions  were  vroriced  cut  earlier  by  the  first  two  authors 
(Vershinin,  IlieKly  1990) .  In  this  wotic  the  theory  is  oonpletely  modified  using 
non-detenoinistic  e^^proach. 

The  numerical  model  of  the  process  was  developed  and  computer  sinulations 
%rLth  different  model  parameters  were  held.  The  results  were  oonpared  with 
eagperimentol  data  of  structure  modelling  and  real  stnictures  behavior  in  ice 
conditions. 
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JL.T.  itong 

Enm  Fxoduction  Research  Oonpary 
Boustoti,  Tens  YBh 


ICS  LOADS  GN  8IR0CIURES  -  A  CASE  8TDDY 

The  Alaskan  Bering  Sea  cxivers  a  large  area  with  latitudes  betiem  55  N  and 
65  N,  off  the  west  coast  of  Alaska.  Most  Bering  Sea  locations  are  in  subarctic 
regions.  Due  to  frequent  rafting  of  sheet  ice,  the  rafted  ice  in  a  number  of 
Bering  Sea  locations  can  reach  a  tot2d  thickness  of  over  15  meters.  Annued.  ice 
ridges  with  a  total  thickness  of  aver  20  meters  have  also  been  observed.  Ihe  ice 
conditions  in  many  Bering  Sea  regions  are  similar  to  those  around  Sakhalin  Island 
off  the  Pacific  coast  of  the  Soviet  union.  In  the  mid-ei^ties,  Exxon  carried  out 
a  number  of  studies  on  the  environmental  ccnditions  of  the  Bering  Sea.  Ice 
conditions,  ice  properties,  and  ice  movement  rates  were  carefully  investigated  for 
several  regicns. 

In  addition,  model  test  data  were  processed  to  examine  the  accuracy  of 
various  ice  load  oonputation  formulas  for  offshore  structures.  Random  variables 
were  then  selected  to  r^iresent  enviroimental  parameters  and  the  differences 
between  the  measured  and  calculated  forces.  Based  on  environmental  and  model  test 
data,  a  ccnputer  simulation  program  was  developed  to  estimate  rare  ice  loads  for 
stnxtures  located  in  certain  areas  of  the  Bering  Sea.  In  addition  to  providing 
estimates  to  rare  ice  loads,  the  simulation  program  was  also  useful  for  assessing 
the  sensitivity  of  ice  loads  to  various  ice  and  structure  input  parameters. 
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Gaqplqfsical  Instituta 
Quivarsity  of  Alaska 
faixbanks,  Alaska  USA 

UlTEBRELAnCNS  BEIREEH  GRCMIH  OCMDTEIGMB, 

SEA  ZCE  BTRUCrUSE,  AM)  SEA  ICS  ISOPQITZES 

Quantification  of  the  properties  of  large  areas  of  pack  ice  cannot  be 
adequately  resolved  by  direct  observations  alone.  Yet,  at  present,  remote  sensing 
data  provides  only  indirect  information  on  the  fundamental  properties  and 
processes  that  are  needed  to  characterize  a  sea  ice  and  its  internal  mechanical 
interactions  as  v/ell  as  its  external  interactions  with  the  atmosphere  and  ocean. 
Efforts  to  deal  with  this  problem  are  sunmarized.  Current  approaches  utilize  buoy 
and  satellite  data  to  monitor  ice  and  meteorologicaLL  conditions.  This  information 
can  be  used  to  drive  ice  growth  and  ice  property  models  that  produce  thickness 
distributions;  sea  ice  salinity,  teziperature  and  brine  volume  profiles;  and 
ultimately  property  profiles  and  coDposite  characteristics.  Ekanples  of  such 
procedures  are  presented  using  tensile  strength  and  elastic  modulus.  Capjabilities 
of  the  Alaska  SAR  Facility  in  contributing  geophysiced  data  useful  in  dealing  with 
this  general  problem  via  the  use  of  automated  analysis  procedures  are  described. 
Current  problem  areas  remaining  are  related  to  variations  in  the  amounts  of  frazil 
and  gongelation  ice,  the  effects  of  crystal  alignments,  uncertainties  in  ice 
thickness  resulting  frxxn  snow  cover  variations,  and  inadequate  information  on  how 
to  redistribute  ice  deformed  during  ridging  events. 
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X.  APPENDIX 


KEHORAMDUH 

A  memorandum  concerning  cooperation 
on  research  in  Ice  Mechanics  and  Its 
Applications  for  consideration  for 
incorporation  in  the  cooperative 
agreement  under  discussion  between 
the  U.S.S.R.  Academy  of  Sciences  and 
the  U.S.  National  Academy  of  Sciences 

The  First  Sovlet-American  Workshop  on  Ice  Mechanics  and  Its 
Applications  was  held  in  June  1991  (16-26)  in  Moscow.  U.S.S.R. 
Representative  Soviet  and  American  delegations  participated  in 
the  Workshop  presenting  a  total  of  34  papers.  A  list  of 
participants  is  given  in  Appendix  1.  The  meeting  was  extremely 
successful . 

During  the  Workshop  the  question  of  furthering  future 
cooperation  in  ice  mechanics  and  its  applications  between 
interested  Soviet  and  American  scientists  and  organizations  was 
discussed.  Taking  into  account  the  importance  of  the  scientific 
problems  under  consideration,  the  mutual  Interest  in  and  the 
benefits  that  would  be  derived  from  cooperative  research  in 
several  aspects  of  ice  and  ice  cover  mechanics  including  the 
interaction  of  ice  with  structures,  the  members  of  the  Workshop 
suggest  that  future  cooperative  investigations  and  programs  be 
organized  and  that  this  organization  take  place  within  the 
framework  of  the  program  for  U.S. -U.S.S.R.  cooperation  in 
scientific  research  on  the  level  of  the  U.S.  National  Academy  of 
Sciences  and  U.S.S.R.  Academy  of  Sciences.  It  is  further 
suggested  that  the  U.S.  National  Science  Foundation  and  U.S.S.R. 
Academy  of  Sciences  add  the  subject  area  of  ice  mechanics  to  its 
approved  list  "Scientific  Problems  of  the  Arctic  and  the  North" 
that  are  considered  as  appropriate  for  U.S. -U.S.S.R.  Cooperation 
in  the  Field  of  Basic  Scientific  Research  (NSF,  1991). 

Possible  forms  for  cooperative  work  between  the  U.S.  and  the 
U.S.S.R.  might  Include  the  following: 

-  regular  workshops  every  two  years  with  the  meeting  site 
alternating  between  the  two  countries; 


-  joint  research  projects; 

-  joint  field  projects  which  might  well  accommodate  several 
research  projects; 

-  exchange  of  scientific  information  and  the  preparation  of 
joint  publications  containing  both  original  research  and 
overall  summaries  of  the  existing  knowledge  base; 

-  exchange  of  specialists  to  prepare  plans  and  programs  for 
joint  research,  to  carry  out  joint  research,  and  to  give 
lectures; 

-  exchange  of  graduate  and  post-graduate  students  in 

conjunction  with  coordinated  research  programs; 

-  support  of  the  participation  of  specialists  from  both  the 

U.S.S.R.  and  the  U.S.  in  national  and  international 

scientific  and  engineering  meetings  on  problems  of  the 
mechanics  of  ice  and  ice  covers;  and 

-  provision  of  a  mechanism  to  facilitate  contractual  research 
between  private  companies,  universities  and  governmental 
groups  in  one  country  with  similar  organisations  in  the  other 
country. 

To  advance  the  above  objectives,  the  Workshop  mei^bers 
suggest  that  an  Organizing  Committee  on  Ice  Mechanics  and  \ Its 
Applications  be  established  to  coordinate  the  proposed  program. 

\ 

It  is  proposed  that  this  group  be  composed  of  five  members',  veach\ 
from  the  U.S.  and  the  U.S.S.R.  with  the  nationality  of  the  yroup 
chairman  alternating  at  two  years  intervals.  The  intension  is  to 
create  certain  subgroups  of  specialists  in  the  different  fields 
of  ice  mechanics  attached  to  the  Organizing  Committee.  It  Is 
envisioned  that  the  major  programs  carried  out  under  the  auspices 
of  the  Organizing  Committee  will  be  focused  on  specific  research 
directions  and  will  be  both  proposed  and  implemented  by  small 
groups  of  specialists. 

Based  on  input  from  the  Working  Group  members  during  the 
next  two  months,  the  Organizing  Committee  is  specifically  charged 
to  prepcure  a  preliminaury  description  of  a  variety  of  proposed 
projects  and  programs  that  will  then  be  submitted  jointly  in 
conjunction  with  the  above  organizational  suggestions,  to  both 
the  U.S.S.R.  Academy  of  Sciences  and  the  U.S.  National  Academy  of 
Sciences  for  consideration  at  the  next  interacadeny  meeting. 


We  wish  to  emphasize  that  the  following  U.S.S.R.  and  U.S. 
scientists  and  engineers  can  in  no  way  guarantee  either  financial 
or  organizational  support  of  the  above  proposal  by  their 
respective  governments.  They  can  only  request  that  each 
government  consider  this  proposal  favorably. 


Co-Chairmen  of  International  Organizing  Committee 
of  the  First  Sovlet-Amerlcan  Workshop  on  the 
Ice  Nechanlcs  and  Its  Applications 

W.F. Weeks,  Member  U.S. 
National  Academy  of 
Engineering, 

Professor  of  Geophysics, 
Geophysical  Institute, 
University  of  Alaska, 
Fairbanks 

G.F.N.Cox,  Dr.. 

Research  Supervisor 
Offshore  and  Arctic  Group, 
Amoco  Production  Company 


D.M.  Klimov, 

Corresponding  Member, 
U.S.S.R.  Academy  of  Sciences, 
Director,  Institute  for 
Problems  in  Mechanics, 
U.S.S.R.  Academy  of  Sciences 


